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ABSTRACT
We present extensive multiconfiguration Dirac-Hartree-Fock and relativistic configuration interaction calculations including 106 states
in doubly ionized silicon (Si iii) and 45 states in triply ionized silicon (Si iv), which are important for astrophysical determination of
plasma properties in different objects. These calculations represents an important extension and improvement of earlier calculations
especially for Si iii. The calculations are in good agreement with available experiments for excitation energies, transition properties,
and lifetimes. Important deviations from the NIST-database for a selection of perturbed Rydberg series are discussed in detail.
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1. Introduction
Silicon is one of the most abundant elements on Earth and in
the Universe. Due to its high abundance, the lowest ionization
ions of Silicon, Si i-iv, play important roles in the diagnostics
and modeling of various astrophysical (Becker & Butler 1990;
Catanzaro et al. 2008; Iijima & Nakanishi 2008) and labora-
tory plasmas (Cowpe et al. 2008; Yamazaki et al. 2009; Ogilvie
& Nicolich 2009). Si i and Si ii have been extensively studied
both experimentally and theoretically, see for example Pehli-
van Rhodin (2018) and references given therein.
Lines from Si iii and Si iv are observed in the spectra of sev-
eral different astronomical objects, for example the solar corona
and transition region, early-type stars, planetary nebulae, novae,
and the interstellar medium, where they have been used for di-
agnostics of the plasma parameters (Dufton et al. 1983; Nuss-
baumer 1986; Rubin et al. 1993). As an example, Dufton et al.
(1983) used the Si iii emission lines observed by Skylab to de-
termine the electron density of the solar corona. Discrepancies
between observed and predicted Si iii line ratios involving the
intercombination line 3s2 1S 0 - 3s3p 3P1 at 1892 Å and the
higher excitation 3s3p 1P1 - 3s4s 1S 0 at 1313 Å were found.
The authors suggested it may have been caused by the presence
of a non-Maxwellian electron distributions changing the inten-
sity ratio between the lines. The energy of the upper level of
the 1313 Å line is considerably higher than the average electron
thermal energy, and the excitation from the ground state can be
increased by high-energy electrons (Pinfield et al. (1999). Simi-
larly, Keenan et al. (1989) presented Spacelab 2 observations and
Pinfield et al. (1999) presented spectra from the Solar Ultraviolet
Measurements of Emitted Radiation (SUMER) instrument on-
board the Solar and Heliospheric Observatory (SOHO) to give
a deeper analysis of possible non-Maxwellian emission-line en-
hancement in different solar regions. The suggestion of the pres-
ence of non-Maxwellian electron distributions was followed up
by Dzifcˇáková & Kulinová (2011). More recently, Del Zanna
et al. (2015) investigated the main spectral diagnostics for Si iii
ultraviolet lines, to measure electron densities and temperatures.
However, they found no conclusive evidence for the presence of
non-Maxwellian electron distributions from observations of the
low transition region of the solar atmosphere, based on R-matrix
scattering calculations for electron collisional excitation of Si iii,
carried out with the intermediate-coupling frame transformation
method. The updated and more accurate atomic data of Si iii in
the present paper, can be used for rederivation of the plasma di-
agnostics using existing solar observations.
Due to their relatively high ionization energies, lines from
Si iii and Si iv appear in early-type stars, for example B-
type stars, which are massive stars with surface temperatures
10 000–30 000 K showing strong Si iii and Si iv lines in their
optical spectra. The present-day chemical abundances of the
Galaxy in the solar vicinity, can be determined by studying B-
type main sequence stars due to their short lifetimes (Przybilla
et al. 2008; Simón-Díaz, S. 2010). The silicon ionization bal-
ance is used as the temperature diagnostics in the B-type star
temperature range. Becker & Butler (1990) used Si iii and Si iv
spectral lines to determine the temperature, whereas Monteverde
et al. (2000) studied the ionization equilibria of Si iii compared
to Si ii and Si iv, respectively, to find the Si-abundance. A recent
study by Nieva & Przybilla (2012) analyzed 29 early B-type stars
in OB associations with a thorough and self-consistent analysis
technique. They found the present-day Solar neighborhood to be
chemically homogeneous, indicating abundance fluctuations of
less than 10 % around the mean. Bailey & Landstreet (2013)
carried out a study on the determination of the abundance of Si
to clarify discordant results in mid to late B-type stars.
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The atomic data parameters, particularly transition rates, are
essential in the abundance determination and plasma model-
ing. The work presented here therefore aims to provide accurate
atomic data for a large part of the Si iii and Si iv spectrum.
2. Previous work on atomic data for Si iii and Si iv
Berry et al. (1971) and Livingston et al. (1976a,b) performed
radiative lifetime measurements in Si iii and Si iv using the beam-
foil technique. Kwong et al. (1983) used a radio-frequency ion
trap to measure the lifetime of the long-lived 3s3p 3Po1 level of
Si iii by observation of the decay to the ground state at 1892 Å
and obtained an A-value of (1.67± 0.1)× 104 s−1. This result has
been included in many later plasma models. Later studies, for
instance Ojha et al. (1988), confirm this value.
On the theoretical side, Nussbaumer (1986) used a multicon-
figuration approach with an adjustable Thomas-Fermi potential
to determine the transition probabilities for the 17 lowest terms
in Si iii. They applied various semi-empirical corrections based
on the observed energies to improve the accuracy in the term
energies. Butler et al. (1993) computed the radiative data for the
3l3l′ transitions, for Si iii and other Mg-like ions of astrophysical
interests by using the close-coupling approximation with a mod-
ified version of the R-Matrix code as a part of the international
Opacity project (Seaton 1987). Safronova et al. (2000) used rel-
ativistic second-order many body perturbation theory (MBPT)
to calculate excitation energies and transition rates for the same
transition arrays. Almaraz et al. (2000) applied the CIV3 code
(Hibbert 1975) to calculate energy levels and oscillator strengths
in Si iii.
In more recent studies, Del Zanna et al. (2015) performed
a large-scale R-matrix scattering calculation providing 149 LS
terms and 283 fine-structure levels arising from 3snl, 3pnl and
3dnl configurations with n ≤ 5 and l ≤ 4. Aggarwal (2017) re-
ported energies and lifetimes for the 141 levels of the 3l3l′ and
3l4l′ configurations and radiative rates for four types of transi-
tions (E1, E2, M1, and M2) in Si iii. Iorga & Stancalie (2018)
investigated the effect of core-valence and core-core correlations
on the energy levels and transition probabilities in the Mg iso-
electronic sequence using the Flexible Atomic Code (FAC) (Gu
2008). The results contained the energy of the levels arising
from the valence configurations along with transition rates cor-
responding to E1, M1, E2, M2 transitions between states arising
from 3l3l′ with l, l′ ≤ 2 and 3snl′′ with n ≤ 7 and l′′ ≤ 4 config-
urations.
Froese Fischer et al. (2006) performed extensive and highly
accurate multiconfiguration Hartree-Fock (MCHF) calculations
for the Mg-like sequences (Z = 12, ..., 26). They used Breit-
Pauli approximation to include relativistic effects. They com-
puted both allowed (E1) and some forbidden (E2, M1, M2) tran-
sitions.
For triply ionized silicon Maniak et al. (1993) performed
radiative lifetime measurements of 3p, 3d, and 4s levels using
the beam-foil technique. Theodosiou & Curtis (1988) used a
semi-empirical quantum defect approach to calculate lifetimes
for the 3p 2P1/2, 3p 2P3/2, 3d 2D3/2, and 3d 2D5/2 levels in
the Na isoelectronic sequence. These calculations reached a fair
agreement with experiments, but deviated from some ab initio
results. Siegel et al. (1998) used a semi-empirical model po-
tential approach to compute electric dipole transition oscillator
strengths for low-lying transitions in the Na isoelectronic se-
quence (Na i - Ca x). The core polarization effects were explic-
itly included in the calculations. Siems et al. (2001) presented
oscillator strengths and lifetimes for Si iv using a multiconfigu-
ration Hartree-Fock relativistic (HFR) approach. In recent years,
Nandy & Sahoo (2015) carried out calculations of the relativis-
tic sensitivity coefficients, oscillator strengths, transition proba-
bilities, lifetimes, and magnetic dipole hyperfine structure con-
stants for a number of low-lying states in the Zn ii, Si iv, and
Ti iv. Safronova et al. (1998) carried out all-order relativistic
many-body calculations of removal energies and hyperfine con-
stants for 3s, 3p1/2, 3p3/2, 3d3/2, 3d5/2, and 4s states of Na-like
ions with Z = 11− 16. The reduced dipole matrix elements were
determined for 3p1/2 − 3s, 3p3/2 − 3s, 4s − 3p1/2, 4s − 3p3/2,
3d3/2 − 3p1/2, 3d3/2 − 3p3/2, and 3d5/2 − 3p3/2 electric-dipole
transitions. The calculations included single and double excita-
tions of the Hartree-Fock ground state to all orders in perturba-
tion theory. Theoretical fine-structure intervals had an agreement
with measurements to about 0.3% for 3p states and to about 3%
for 3d states. Theoretical hyperfine constants and line strengths
agreed with the precise measurements to better than 0.3%. Fi-
nally, Froese Fischer et al. (2006) performed extensive ab initio
non-orthogonal spline CI calculations for the Na-like sequence.
Kelleher & Podobedova (2008) presented the latest compilation
of Si iii and Si iv transition rates.
3. Theory
In this work, the calculations were performed using the fully
relativistic multi-configuration Dirac-Hartree-Fock (MCDHF)
method in j j-coupling (Grant 2007; Froese Fischer et al. 2016).
3.1. Multiconfiguration Dirac-Hartree-Fock
An electronic state of a many electrons system is determined by
a wave function Ψ, which is a solution to the wave equation:
HΨ = EΨ, (1)
where H is the Hamiltonian operator and E is the total energy of
the system. The common starting point of the MCDHF method
is the Dirac-Coulomb Hamiltonian:
HDC =
N∑
i=1
(
cαi · pi + (βi − 1)c2 + Vnuc(ri)
)
+
N∑
i> j
1
ri j
, (2)
where Vnuc(ri) is the the monopole part of the electron-nucleus
Coulomb interaction, ri j is the distance between electrons i and
j, α and β are the 4-by-4 Dirac matrices, and c is the speed of
light.
The approximate solutions to the wave equations are referred
to as atomic state functions (ASFs). An atomic state function,
Ψ(γPJ), is in our approach represented by a linear combination
of configuration state functions(CSFs),
Ψ(γPJ) =
NCS Fs∑
j=1
c jΦ(γ jPJ), (3)
where P is the parity and J is the total angular momentum. γ j
represents all necessary quantum numbers and the orbital occu-
pancy to define the CSF, while c j are the mixing coefficients.
The γ is usually selected as the γ j corresponding to the largest
weight |c j|2.
The CSFs are in turn constructed as angular-momentum-
coupled, anti-symmetrized products of one-electron Dirac-
orbitals of the form
ψ(r) = ψnκ,m(r) =
1
r
(
Pnκ(r)χκ,m(θ, ϕ)
iQnκ(r)χ−κ,m(θ, ϕ)
)
, (4)
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where Pnκ(r) and Qnκ(r) are the large and small components
of the radial wave function, and χ±κ,m(θ, ϕ) are two-component
spin-orbit functions.
The extended optimal level (EOL) scheme is used to deter-
mine energies and wave functions. In the EOL scheme, the ra-
dial parts of the Dirac orbitals and the expansion coefficients of
the targeted states are optimized to self-consistency by solving
the MCDHF equations, which are derived using the variational
approach (Dyall et al. 1989). In subsequent relativistic configu-
ration interaction (RCI) calculations the transverse photon inter-
action (Breit interaction)
HBreit = −
N∑
i< j
[
αi · α j cos(wi jri j/c)ri j
+ (αi · ∇i)
(
αi · ∇ j
) cos(wi jri j/c) − 1
w2i jri j/c
2
] (5)
may be included in the Hamiltonian (McKenzie et al. 1980). The
photon frequency wi j, used by the RCI program in calculating
the matrix elements of the transverse photon interaction, is taken
as the difference of the diagonal Lagrange multipliers associated
with the orbitals. The leading quantum electrodynamic (QED)
corrections effects, in the form of self-energy and vacuum polar-
ization, are also included. The CSFs are given in the j j-coupling
scheme during this procedure, but to make a comparison with ex-
periments more feasible, we transform the resulting wave func-
tion to the LS J-coupling scheme, using the JJ2LSJ program
(Gaigalas et al. 2003, 2004, 2017) part of the GRASP2K code
(Jönsson et al. 2013). All the calculations were performed with
an updated parallel version of the GRASP2K code by Jönsson
et al. (2013). To calculate the spin-angular part of the matrix
elements, the second quantization method in coupled tensorial
form and quasispin technique (Gaigalas et al. 1997, 2001) were
adopted.
3.2. Computation of transition parameters
Once well-converged and effectively complete ASFs have been
obtained radiative transition such as transition probabilities and
weighted oscillator strengths can be determined. The transition
parameters between two states γJM and γ′J′M′ are expressed in
terms reduced matrix elements〈
Ψ(γPJ)||T||Ψ(γ′P′J′)〉 = ∑
j,k
c jc′k
〈
Φ(γ jPJ)||T||Φ(γ′kP′J′)
〉
, (6)
where T is the transition operator (Grant 1974).
For electric multipole transitions, there are two forms of the
transition operator, the length (Babushkin gauge) and velocity
(Coulomb gauge) forms (Grant 1974). Due to the definition of
these two, the length form is more sensitive to the outer part of
the wave functions, which are usually active in radiative tran-
sitions. A number of studies have shown that the length form
generally gives more reliable values at a given level of valence
and core–valence electron correlation although the velocity form
seems to be more stable for transitions including highly excited
Rydberg states (Pehlivan Rhodin et al. 2017). It is common to
use the agreement between transition rates Al and Av computed
in two forms as an indicator of accuracy of the wave functions,
(see review by Froese Fischer (2009); Ekman et al. (2014)). A
possible measure of this is the quantity dT , characterizing the
uncertainty of the calculated transition rates and defined as
dT =
|Al − Av|
max(Al, Av)
, (7)
where Al and Av are the transition rates in length and velocity
forms respectively. The values of dT do not represent uncertainty
estimates for each individual transition but should be considered
as statistical indicators of uncertainties within given sets of tran-
sitions.
4. Calculations
Our MCDHF and RCI calculations for doubly and triply ionized
silicon started by defining a multireference (MR) set of configu-
rations. From this we allow single and double substitutions to a
systematically increasing active set of orbitals.
4.1. Si iii
In doubly ionized silicon, calculations were performed for states
belonging to the 3s2, the 3p2; the 3p4p; the 3sns with n =
4, ..., 9; the 3snd with n = 3, ..., 8; the 3sng with n = 5, ..., 8
even configurations and furthermore, the 3snp with n = 3, ..., 9;
the 3sn f with n = 4, ..., 8; the 3pnd with n = 3, 4; and the 3p4s
odd configurations. These configurations define the MR for the
even and odd parities, respectively. Terms involving configura-
tions with n = 8 and 9 do not belong to our targeted states but
they are taken into account to obtain orbitals with large radii to
get a reasonable agreement between length and velocity form for
the transition properties, see Pehlivan Rhodin et al. (2017).
In the first step of our calculations, an initial MCDHF cal-
culation in the EOL scheme (Dyall et al. 1989) was performed
simultaneously for all even and odd multireference states. These
initial calculations were followed by calculations with expan-
sions including the configuration state functions (CSFs) obtained
by single (S), double (D) substitutions of electrons from the
spectroscopic reference configurations to the active set of or-
bitals (Olsen et al. 1988; Sturesson et al. 2007).
In an restricted active set approach (RAS) restrictions are put
on the allowed substitutions from the MR, when generating the
full space of CSFs. We therefore define the valence region of
the atom as the two outer electrons, outside the 1s22s22p6 core
subshells. We kept the 1s2-subshell fixed in all calculations, that
is, not allowing substitutions from it. After optimizing simulta-
neously the even and odd states of the MR-set in the first step
of calculations, our goal was to include valence-valence (VV)
and core-valence (CV) interaction to convergence. We optimized
four layers of correlation orbitals based on the VV correlation,
only allowing SD substitutions from the valence subshells. The
orbitals in the active set were systematically extended to include
orbitals up to the 13s, 13p, 12d, 12 f , 12g, and 9h in the final
correlation layer. These MCDHF calculations were followed by
RCI calculations including Breit-interaction and some QED ef-
fects as described above.
As a final step of our work, an RCI calculation was per-
formed. The expansion for that RCI calculation was obtained
by augmenting the largest SD valence expansion with a CV ex-
pansion. The CV expansion was generated by SD substitutions
from the valence orbitals and the 2p6 core with the restriction
that there should be at the most one substitution from the 2s or
2p subshells. We neglected core-core (CC) correlation, mean-
ing more than one excitation from the core, which was com-
paratively unimportant for both the energy separations and the
transition probabilities (Zou & Fischer 2000). The resulting ex-
pansions consisted of 1 401 150 and 1 760 209 CSFs distributed
over the J = 0, 1, ..., 6 symmetries for even and odd parity, re-
spectively.
Article number, page 3 of 39
A&A proofs: manuscript no. aanda
4.1.1. Si iv
In triply ionized silicon, calculations were performed for states
belonging to the configurations 2s22p6nl where n ≤ 9 and l ≤ 6,
defining the MR configurations. We again added two more layers
of spectroscopic orbitals, n = 8, 9, in comparison with the states
we were targeting to get a reasonable agreement between length
and velocity form for the transition properties.
As a starting point for the calculations, MCDHF calculations
in the EOL scheme were performed for the even and odd parity
states in the MR simultaneously. The initial calculations were
followed by separate calculations in the EOL scheme for the
even and odd parity states, where the CSFs were obtained by
allowing SD substitutions from the configurations in the MR to
active orbital sets, which were consecutively enlarged by lay-
ers of correlation orbitals. Si iv has one electron outside closed
subshells, and consequently there is no VV correlation. The cor-
rections to our results can therefore be classified as CV and CC
correlations. The major effect comes from the CV correlation.
The CV expansion was obtained by restricting the substitutions
in such a way that only one substitution was allowed from the 2s
or 2p subshells of the configurations in the MR, and no substitu-
tions from the 1s shell, this means that 1s shell was an inactive
closed core.
The active sets of orbitals for the even and odd parity states
were extended by layers to include orbitals with quantum num-
bers n ≤ 12 and l ≤ 6. Each MCDHF calculation was followed
by RCI calculations, including the Breit-interaction and leading
QED effects. We investigated the CC correlation effects by opti-
mizing one layer of orbitals n = 13 on SD from the 2s22p6 core
in an RCI calculation as a final step of our work. The number
of CSFs in the final even and odd state expansions were approx-
imately 995 020 and 993 501, respectively, distributed over the
different J symmetries.
5. Results
5.1. Si iii
We present in Table A.1 the computed excitation energies in Si iii
for increasing active sets of orbitals labeled with the highest prin-
cipal quantum number n of the orbitals in the active set. The
calculations including only VV correlation, built on three layers
of correlation orbitals, is followed by finally including the CV
correlation using an RCI-approach.
The computed excitation energies are in good agreement
with the values from the NIST-database (Kramida et al. 2018).
For the VV correlation, the mean relative difference between the-
ory and experiment is of the order of 0.9%. The inclusion of CV
correlation effects improves the energies dramatically since the
values for all computed energy separations have converged.
The final excitation energies are in good agreement with the
experimental ones, with a mean difference of only 0.05%. For
comparison, the experimental energies from the NIST Atomic
Spectra Database (Kramida et al. (2018)) and also the differences
∆E, between the observed energies and the final computed exci-
tation energies, are given in Table A.1.
There is excellent agreement between observations and cal-
culations for most of the levels, with a few important exceptions,
due to mislabeling of levels. The NIST label classification for
Si iii is based on the analysis done by Toresson (1961). Since
then the NIST designations for the 3p3d 1P and the 3p4s 1P
have been interchanged as recommended by Victor et al. (1976)
and Zetterberg & Magnusson (1977). The assignments for 3p3d
1P and 3p3d 1F levels have been questioned previously by Reis-
tad et al. (1984) and Brage & Hibbert (1989).
If we start by investigating the 1Fo-levels, we note that the
3p3d 1Fo perturbs the 3sn f Rydberg series. This perturbation
has been studied by a number of authors along the Mg-sequence
(Brage & Hibbert 1989; Reistad et al. 1984; Aashamar et al.
1986). The NIST classification identifies the level at 235413
cm−1 as 3p3d 1F for convenience, even though the calculated
composition is 65 % 3sn f (Fischer & Godefroid 1982). To illus-
trate the complexity of the situation, we show the composition
of the 1F levels in Figure 1. It is clear that the 3p3d 1F is not the
major component for any state and that the same CSF 3s5 f 1Fo
is the largest component for two levels. We therefore choose to
change the designation as shown in Table A.1 where these two
levels are labeled as 3s5 f 1Fo3 a and 3s5 f
1Fo3 b, respectively.
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Fig. 1. 3p3d and 3sn f composition of 1Fo Rydberg series members.
Our second example of a strongly perturbed series investi-
gated by Fischer & Godefroid (1982) is a short-range interaction
of the plunging configuration 3p3d 1P with the 3snp 1P Rydberg
series. In Si iii the 3s6p 1P1 and 3p3d 1P1 are close to degener-
ate and the labeling of these levels is hard to reproduce. A closer
look at the LS -percentage composition and excitation energies
of 3snp 1P and 3p3d 1P are shown in Figure 2, where the level
at 234923 cm−1 is best represented as 3p3d 1P. Also in this case
we adjust the labels from NIST.
A third example of a complicated case of level-designation is
the 3snd 1De Rydberg series, which is perturbed by the 3p2 1D
for low excitations and the 3p4p 1D2 for n = 6− 8. In our calcu-
lations the level energy of 3s7d 1D2 is 247946 cm−1, while the
values given by NIST is 250636 cm−1. However, the LS com-
position of the former level is 72% 3s7d 1D2 and 18% 3p4p
1D2. We suggest that the NIST identification of the level 1D2
at 250636 cm−1 and at 247935 cm−1 should be interchanged as
shown in Table A.1.
A problem in spectroscopic calculations, that includes a large
number of states, is to reproduce very close degeneracy between
some levels. An example of this is the relative position of the
singlet and triplet levels the 3snp Rydberg series with n = 6− 7.
It is clear that we are not able to reproduce the NIST-values for
the relative position of these levels, which makes, for example,
our values for intercombination lines inaccurate from the 3s6p
and 3s7p 3P-levels.
In Table A.2, the current results for the 29 lowest excitation
energies of Si iii are compared with the ones from the MCHF-
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Fig. 2. 3pnd 1P and 3snp composition of 1Po Rydberg series members.
BP calculations by Froese Fischer et al. (2006) and R-matrix
calculations by Del Zanna et al. (2015). To make the compari-
son easier the differences between observed and computed en-
ergies are also given in the last columns for the different com-
putational approaches. From the comparison, it is clear that the
agreement with the present RCI calculations and the MCHF-BP
calculations is very good. Furthermore, the agreement between
the current RCI results and the observed energies is improved
especially above the 3p2 1S 0 level.
The complete transition data table, using the length form
of transition operator, including rates, weighted oscillator
strengths, wavenumber, and the uncertainty in the computed
rates, for E1 transitions in Si iii for the wavelength range of 40-
18239 nm is available on-line. The wavenumber and wavelength
values are changed to match the values in the NIST database,
which are the values from Reader et al. (1980). Uncertainties
of the transition rates have been estimated from the expressions
suggested by Ekman et al. (2014). The estimated relative un-
certainties for most of the strong transitions are below 1%. For
many weak transitions the uncertainties are around 10%. How-
ever, for weak intercombination transitions the uncertainties are
considerably large due to difficulties in calculating the transi-
tion rates of intercombination lines. There are some weak two-
electron one-photon transitions with large uncertainties. These
transitions are zero in the single configuration approximation
and are allowed only through correlation effects. Thus, the two-
electron one-photon transitions are very difficult to compute and
the uncertainties are often large.
The 3s4s 1S 0→ 3s3p 1P1 transition is of special importance
in the diagnostics of non-Maxwellian electron distributions, as
discussed above. According to Dufton et al. (1983) the rate for
this transition is 2.8 × 108 s−1, while Nussbaumer (1986) pre-
dicted 4.0 × 108 s−1 and Del Zanna et al. (2015) 2.96 × 108 s−1.
Our result for this rate is 8.53 × 108 s−1 close to Froese Fischer
et al. (2006) calculation of 8.99 × 108 s−1.
Our estimated lifetimes (including only E1-transitions) for
excited states of Si iii are given in Table A.3. We also com-
pare our results to available measurements in this table. Berry
et al. (1971), Livingston et al. (1976b) and Bashkin et al. (1980)
measured the lifetimes for a few levels in Si iii with the beam
foil method. The agreement between the current RCI results and
measurements is quite satisfactory, though the results from the
measurements of Berry et al. (1971) slightly differ from the RCI
values. This may be explained by the uncertainties in the beam-
foil method discussed by Zou et al. (1999). The lifetimes from
the current RCI calculations are also compared to results from
the MCHF-BP calculations by Froese Fischer et al. (2006) and
MBPT calculations by Safronova et al. (2000), when these in-
clude all important transitions from a given state. The overall
agreement is good, giving us confidence in the present results.
For most states there is no major discrepancy between the cur-
rent results and MBPT results except for the 3p3d 3F02,3,4 states.
The reason for that is unclear, but for the rest of the states the
discrepancies are quite small.
5.2. Si iv
In Table A.4, we present the level energies of the lowest 45 levels
in Si iv as functions of increasing active sets of orbitals (labeled
by the highest principal quantum number n). The calculations
are based on CV correlation, including three layers of correla-
tion orbitals. From the inspection of Table A.4, it is clear that
the present calculations are well converged with respect to the
increasing orbital set. The inclusion of CC correlation effects,
adding one more layer of correlation orbitals with n = 13, im-
proves the energies and the final energies are in good agreement
with experiment displaying a mean difference of 0.09%. We
present the experimental level energies from the NIST-database
for Si iv in Table A.4, including the differences between the ob-
served and the computed energies. In Table A.4, we also com-
pare the present computed excitation energies with those from
the non-orthogonal B-spline CI method (Zatsarinny & Fischer
2002) by Froese Fischer et al. (2006) for Si iv, showing excel-
lent agreement.
The complete transition data table, using the length form
of transition operator, including rates, weighted oscillator
strengths, wavenumber, and the uncertainty in the computed
rates, for E1 transitions in Si iv for the wavelength range of 31-
11933 nm is available on-line. Uncertainties of the transition
rates have been estimated from the expressions suggested by Ek-
man et al. (2014). The wavelength and wavenumber values are
changed to match the values in the NIST database, which are the
values from Reader et al. (1980). In general, the estimated rela-
tive uncertainties for most of the transitions are less than 10%.
However, for some transitions the uncertainties are very large
mostly due to difficulties in calculating the transition rates of in-
tercombination lines and two-electron transitions.
Table A.5 presents our estimated lifetimes of the excited
states (including only E1-transitions) in both length and velocity
forms. The average relative difference between lifetimes in two
forms is ∼ 0.8%, which is highly satisfactory. This difference
might be considered to be an internal validation of the accuracy
of the calculations. The comparison of our results with previ-
ously reported theoretical and experimental values are also given
in Table A.5. Siems et al. (2001) performed a HFR approach
to estimate the lifetimes for Si iv. In that approach, the elec-
trostatic parameters were optimized using a least-squares proce-
dure. Berry et al. (1971) and later Bashkin et al. (1980) measured
lifetimes using the beam-foil method. The overall agreement be-
tween these measured lifetimes and the current lifetimes is rather
good. From the table, one can see that our results are in excel-
lent agreement with the results of Froese Fischer et al. (2006)
and Siems et al. (2001).
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6. Conclusions
In this work, we performed self-consistent MCDHF and subse-
quent RCI calculations for Si iii and Si iv, as an extension and
update to earlier calculations. Previous theoretical and experi-
mental data were used to validate our results. Excitation ener-
gies from the RCI calculations are in a very good agreement
with available observations. Our present study is an extension
to the most accurate MCHF-BP and the BSR_CI calculations,
and in general in excellent agreements with them. The presented
results significantly increase the amount of accurate energy data
of astrophysical interest for the two Si-ions. The highly accurate
atomic data helps to correct interpretation of the lines. Therefore,
we recommend our present results based on a fully relativistic
method for abundance analysis and plasma diagnostics.
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Appendix A: Additional Tables
Table A.1. Computed excitation energies in cm −1 for Si iii from different com-
putational models. The differences ∆E between the final computations and the
observed values are shown in the last column.
VV
Level n = 10 n = 11 n = 12 n = 13 CV Eobsa ∆E
3s2 1S 0 0 0 0 0 0 0 0
3s3p 3Po0 51539 51541 51561 51604 52790 52725 -65
3s3p 3Po1 51656 51671 51686 51728 52913 52853 -60
3s3p 3Po2 51893 51938 51941 51981 53164 53115 -49
3s3p 1Po1 83380 83186 83145 83094 83031 82884 -147
3p2 1D2 120291 120305 120314 120361 122447 122215 -232
3p2 3P0 128668 128658 128667 128703 129832 129708 -124
3p2 3P1 128808 128794 128796 128832 129953 129842 -111
3p2 3P2 129043 129052 129046 129080 130193 130101 -92
3s3d 3D3 141773 141743 141761 141794 143106 142944 -162
3s3d 3D2 142183 141743 141762 141805 143162 142946 -216
3s3d 3D1 142470 141743 141762 141812 143208 142948 -260
3s4s 3S 1 151757 151808 151821 151875 153332 153377 45
3p2 1S 0 153325 152950 152897 152824 153953 153444 -509
3s4s 1S 0 157694 157704 157698 157701 159065 159070 5
3s3d 1D2 166150 165215 165198 165172 166013 165765 -248
3s4p 3Po0 173433 173475 173497 173551 175219 175230 11
3s4p 3Po1 173464 173511 173530 173582 175247 175263 16
3s4p 3Po2 173533 173589 173601 173648 175312 175336 24
3s4p 1Po1 174860 174906 174918 174952 176503 176487 -16
3p3d 3Fo2 196943 196419 196441 196496 199259 198923 -336
3p3d 3Fo3 196787 196519 196539 196589 199318 199026 -292
3p3d 3Fo4 196622 196651 196670 196713 199402 199164 -238
3s4d 3D1 199846 199861 199884 199920 201691 201598 -93
3s4d 3D2 200003 199857 199881 199928 201666 201598 -68
3s4d 3D3 200134 199855 199879 199934 201634 201599 -35
3s4d 1D2 202714 202640 202662 202713 204464 204331 -133
3s4 f 1Fo3 203063 202705 202716 202733 204795 204828 33
3p3d 1Do2 203175 202977 202996 203047 205357 205029 -328
3s5s 3S 1 204234 204288 204303 204359 206118 206176 58
3s5s 1S 0 205920 205971 205988 206039 207828 207874 46
3s4 f 3Fo2 207666 207551 207571 207627 209597 209531 -66
3s4 f 3Fo3 207622 207578 207597 207652 209612 209559 -53
3s4 f 3Fo4 207574 207616 207635 207687 209637 209600 -37
3s5p 1Po1 212511 212566 212587 212639 214504 214532 28
3s5p 3Po2 213130 213157 213173 213213 214998 214989 -9
3s5p 3Po1 213159 213142 213163 213212 215002 214995 -7
3s5p 3Po0 213160 213133 213157 213210 215005 214995 -10
3p3d 3Po2 214375 214269 214285 214319 216450 216190 -260
3p3d 3Po1 214967 214376 214391 214431 216613 216289 -324
3p3d 3Po0 215325 214440 214453 214496 216717 216350 -367
3p3d 3Do1 216019 215773 215793 215839 217724 217386 -338
3p3d 3Do2 216518 215881 215898 215925 217743 217440 -303
3p3d 3Do3 216356 215827 215845 215884 217736 217489 -247
3s5 f 1Fo3 a 224092 223605 223620 223633 225644 225526 -118
3p4s 3Po0 224260 224260 224273 224322 226479 226400 -79
3p4s 3Po1 224376 224389 224397 224445 226597 226527 -70
3p4s 3Po2 224636 224676 224677 224724 226884 226820 -64
3s5d 3D1 225236 225165 225187 225232 227105 227081 -24
3s5d 3D2 225179 225159 225181 225230 227092 227084 -8
3s5d 3D3 225124 225154 225177 225226 227076 227089 13
3s5d 1D2 225833 225714 225733 225773 227695 227665 -30
3p4s 1Po1 226814 226801 226778 226775 228788 228700 -88
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Table A.1. continued.
VV
Level n = 10 n = 11 n = 12 n = 13 CV Eobsa ∆E
3s6s 3S 1 227576 227630 227648 227703 229556 229623 67
3s5 f 3Fo2 228134 228194 228207 228265 230201 230268 67
3s5 f 3Fo3 228133 228194 228206 228264 230201 230269 68
3s5 f 3Fo4 228134 228195 228217 228265 230201 230271 70
3s5g 3G3 228135 228196 228219 228266 230230 230301 71
3s5g 3G4 228159 228208 228231 228288 230232 230302 70
3s5g 1G4 228176 228211 228233 228289 230233 230302 69
3s5g 3G5 228169 228209 228232 228288 230232 230302 70
3s6s 1S 0 228303 228359 228378 228433 230301 230364 63
3s6p 3Po0 232356 232413 232437 232493 234359 234415 56
3s6p 3Po1 232364 232423 232446 232501 234365 234428 63
3s6p 3Po2 232382 232443 232464 232518 234381 234442 61
3p3d 1Po
∗
1 233982 233003 232982 232927 234923 234388 -535
3s5 f 1Fo3 b 234526 233780 233783 233763 235612 235414 -198
3s6p 1Po
∗
1 234522 234025 234033 234066 235957 235951 -6
3s6d 3D1 238206 238220 238231 238287 240267 240262 -5
3s6d 3D2 238211 238245 238256 238308 240278 240284 6
3s6d 3D3 238224 238280 238291 238338 240297 240315 18
3s6d 1D2 238470 238484 238498 238548 240537 240550 13
3s7s 3S 1 240049 240105 240124 240179 242075 242145 70
3s6 f 3Fo2 240282 240327 240352 240410 242336 242411 75
3s6 f 3Fo3 240277 240328 240352 240409 242335 242411 76
3s6 f 3Fo4 240271 240328 240352 240408 242335 242412 77
3s6g 3G3 240301 240363 240387 240440 242400 242474 74
3s6g 3G4 240300 240364 240385 240441 242403 242474 71
3s6g 1G4 240302 240365 240388 240443 242405 242474 69
3s6g 3G5 240301 240365 240386 240443 242405 242475 70
3s7s 1S 0 240428 240487 240508 240564 242466 242538 72
3p4p 1P1 240550 240603 240625 240679 242992 242885 -107
3s6 f 1Fo3 242239 241980 241993 242017 243896 243869 -28
3p4p 3D1 242550 242573 242548 242602 244839 244737 -102
3s7p 3Po0 242822 242881 242906 242962 244862 244929 67
3s7p 3Po1 242827 242887 242910 242966 244866 244933 67
3s7p 3Po2 242836 242898 242920 242975 244874 244943 69
3p4p 3D2 242665 242699 242671 242723 244966 244866 -100
3p4p 3D3 242864 242913 242881 242930 245194 245087 -107
3s7p 1Po1 243236 243291 243313 243364 245250 244871 -379
3s7d 1D2 245752 245805 245777 245829 247946 247935 -11
3p4p 3P0 245541 245588 245603 245649 247965 247872 -93
3p4p 3P1 245626 245675 245685 245729 248040 247954 -86
3p4p 3P2 245863 245922 245910 245956 248239 248168 -71
3p4p 3S 1 246598 246609 246619 246665 248952 248773 -179
3s7d 3D1 247056 247068 247092 247148 249067 249094 27
3s7d 3D2 247050 247079 247102 247152 249068 249104 36
3s7d 3D3 247045 247096 247118 247160 249074 249121 47
3s7 f 3Fo2 247629 247682 247707 247765 249698 249774 76
3s7 f 3Fo3 247626 247683 247707 247764 249697 249775 78
3s7 f 3Fo4 247622 247683 247707 247763 249696 249775 79
3s7g 3G3 247648 247711 247730 247786 249743 249817 74
3s7g 3G4 247647 247711 247729 247787 249746 249818 72
3s7g 1G4 247649 247712 247732 247787 249747 249818 71
3s7g 3G5 247648 247712 247730 247788 249747 249819 72
3s7 f 1Fo3 248401 248352 248371 248415 250333 250366 33
Notes. ∗ Labeling is changed from NIST-standard to better represent the composition of different levels in a Rydberg series, according to our
calculations. As an example are two levels labeled with the same 3s5 f 1F term but different indices are used to distinguish them. Details are given
in the text.
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References. (a)Kramida et al. (2018).
Table A.2. Observed and computed excitation energies for the 29 lowest states
in Si iii, from present calculations (ERCI) and other theoretical results (Ec,dtheor).
These are compared to values from the NIST-database (Ebobs). ∆E represents the
difference between observed and computed energies. All energies are given in
cm−1.
Level EaRCI E
b
obs E
c
theor E
d
theor ∆E
a
RCI ∆E
c
theor ∆E
d
theor
3s2 1S 0 0 0 0 0 0 0 0
3s3p 3Po0 52790 52725 52704 51156 -65 20 1568
3s3p 3Po1 52913 52853 52835 51267 -60 18 1586
3s3p 3Po2 53164 53115 53099 51491 -49 16 1624
3s3p 1Po1 83031 82884 83069 84060 -147 -185 -1176
3p2 1D2 122447 122215 122487 120194 -232 -273 2020
3p2 3P0 129832 129708 129751 128551 -124 -43 1157
3p2 3P1 129953 129842 129891 128664 -111 -50 1177
3p2 3P2 130193 130101 130153 128886 -92 -53 1214
3s3d 3D3 143106 142944 143640 142257 -162 -697 686
3s3d 3D2 143162 142946 143638 142252 -216 -693 693
3s3d 3D1 143208 142948 143644 142249 -260 -696 699
3s4s 3S 1 153332 153377 153881 151563 45 -504 1814
3p2 1S 0 153953 153444 153855 155103 -509 -411 -1659
3s4s 1S 0 159065 159070 159604 159383 5 -535 -314
3s3d 1D2 166013 165765 166490 168327 -248 -725 -2562
3s4p 3Po0 175219 175230 175704 174006 11 -474 1224
3s4p 3Po1 175247 175263 175743 174036 16 -480 1227
3s4p 3Po2 175312 175336 175821 174102 24 -485 1234
3s4p 1Po1 176503 176487 176963 175288 -16 -476 1199
3p3d 3Fo2 199259 198923 199701 -336 -778
3p3d 3Fo3 199318 199026 199811 -292 -785
3p3d 3Fo4 199402 199164 199955 -238 -791
3s4d 3D1 201691 201598 202258 -93 -661
3s4d 3D2 201666 201598 202263 -68 -665
3s4d 3D3 201634 201599 202265 -35 -666
3s4d 1D2 204464 204331 205114 -133 -784
3s4 f 1Fo3 204795 204829 205537 33 -709
3p3d 1Do2 205357 205029 205765 -328 -736
References. (a)Present calculations;(b)Kramida et al. (2018); (c)Froese Fischer et al. (2006); (d)Del Zanna et al. (2015).
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Table A.3. Results for Si iii: Comparison between computed lifetimes, in length
(τl) and velocity (τv) gauge, from our calculations. These are compared to the
predicted lifetimes from MCHF-BPb (τMCHF-BP) and MBPTc (τMBPT) models, as
well as experimental results τd,eobs, with stated uncertainties. All values are given
in seconds.
RCIa
Level τl τv τMCHF-BPb τMBPTc τobsd τobse
3s3p 3Po1 7.679E-05 7.822E-05 5.809E-05 1.010E-04
3s3p 1Po1 4.024E-10 4.010E-10 4.050E-10 4.290E-10 (4 ± 1)E-10
3p2 1D2 3.438E-08 3.331E-08 3.273E-08 4.570E-08 (2.60 ± 0.15)E-08 (2.6 ± 0.3)E-08
3p2 3P0 4.747E-10 4.726E-10 4.779E-10 4.650E-10 (5.0 ± 0.3)E-10 f (3.4 ± 1.0)E-10
3p2 3P1 4.735E-10 4.714E-10 4.764E-10 4.740E-10 (5.0 ± 0.3)E-10 f (3.4 ± 1.0)E-10
3p2 3P2 4.715E-10 4.693E-10 4.741E-10 4.210E-10 (5.0 ± 0.3)E-10 f (3.4 ± 1.0)E-10
3s3d 3D3 3.564E-10 3.564E-10 3.524E-10 3.770E-10
3s3d 3D2 3.540E-10 3.545E-10 3.506E-10 3.740E-10
3s3d 3D1 3.523E-10 3.531E-10 3.494E-10 3.740E-10
3s4s 3S 1 4.069E-10 4.078E-10 4.068E-10
3p2 1S 0 4.328E-10 4.306E-10 4.440E-10 4.760E-10 (5.8 ± 0.4)E-10 f
3s4s 1S 0 1.172E-09 1.178E-09 1.112E-09
3s3d 1D2 2.185E-10 2.186E-10 2.170E-10 2.320E-10
3s4p 3Po0 3.400E-09 3.422E-09 3.409E-09 (3.3 ± 0.3)E-09 (4.1 ± 0.5)E-09
3s4p 3Po1 3.385E-09 3.403E-09 3.390E-09 (3.6 ± 0.3)E-09 (4.5 ± 0.5)E-09
3s4p 3Po2 3.367E-09 3.375E-09 3.373E-09
3s4p 1Po1 1.972E-09 1.992E-09 1.926E-09
3p3d 3Fo2 9.971E-07 1.160E-06 1.124E-06 0.023E-06
3p3d 3Fo3 8.869E-07 1.004E-06 2.210E-06 0.025E-06
3p3d 3Fo4 9.678E-07 1.272E-06 2.378E-06 0.026E-06
3s4d 3D3 2.871E-09 2.872E-09 2.818E-09 (3.3 ± 0.3)E-09 (4.0 ± 0.4)E-09
3s4d 3D2 2.837E-09 2.846E-09 2.797E-09 (3.3 ± 0.3)E-09 (4.0 ± 0.4)E-09
3s4d 3D1 2.814E-09 2.829E-09 2.783E-09 (3.3 ± 0.3)E-09 (4.0 ± 0.4)E-09
3s4d 1D2 1.263E-09 1.270E-09 1.294E-09 (1.25 ± 0.15)E-09 (1.9 ± 0.3)E-09
3s4 f 1Fo3 6.169E-10 6.185E-10 5.979E-10
3p3d 1Do2 4.277E-10 4.273E-10 4.263E-10 3.800E-10
3s5s 3S 1 7.438E-10 7.467E-10
3s5s 1S 0 1.111E-09 1.114E-09
3s4 f 3Fo2 4.795E-10 4.788E-10 (5.1 ± 0.3)E-10 f (12 ± 1)E-10
3s4 f 3Fo3 4.793E-10 4.786E-10 (5.1 ± 0.3)E-10 f (12 ± 1)E-10
3s4 f 3Fo4 4.790E-10 4.780E-10 (5.1 ± 0.3)E-10 f (12 ± 1)E-10
3s5p 1Po1 1.279E-09 1.288E-09
3s5p 3Po2 2.270E-09 2.276E-09
3s5p 3Po1 2.875E-09 2.889E-09
3s5p 3Po0 3.253E-09 3.273E-09
3p3d 3Po2 3.216E-10 3.225E-10
3p3d 3Po1 3.096E-10 3.110E-10
3p3d 3Po0 3.056E-10 3.076E-10
3p3d 3Do1 2.016E-10 2.025E-10 (3.6 ± 0.4)E-10
3p3d 3Do3 2.020E-10 2.023E-10 (3.6 ± 0.4)E-10
3p3d 3Do2 2.023E-10 2.028E-10 (3.6 ± 0.4)E-10
3s5 f 1Fo3 a 4.807E-10 4.824E-10 (10 ± 5)E-10
3p4s 3Po0 4.548E-10 4.538E-10
3p4s 3Po1 4.520E-10 4.511E-10
3p4s 3Po2 4.474E-10 4.468E-10
3s5d 3D3 8.682E-09 8.748E-09
3s5d 3D2 8.646E-09 8.735E-09
3s5d 3D1 8.617E-09 8.734E-09
3s5d 1D2 5.794E-09 5.833E-09
3p4s 1Po1 4.245E-10 4.246E-10
3s6s 3S 1 1.285E-09 1.291E-09
3s5 f 3Fo3 9.537E-10 9.544E-10 (14 ± 2)E-10
3s5 f 3Fo2 9.555E-10 9.566E-10 (14 ± 2)E-10
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Table A.3. continued.
RCIa
Level τl τv τMCHF-BPb τMBPTc τobsd τobse
3s5 f 3Fo4 9.511E-10 9.517E-10 (14 ± 2)E-10
3s5g 3G3 2.775E-09 2.772E-09 (4.3 ± 0.5)E-09
3s5g 3G4 2.776E-09 2.773E-09 (4.3 ± 0.5)E-09
3s5g 3G5 2.775E-09 2.773E-09 (4.3 ± 0.5)E-09
3s5g 1G4 2.779E-09 2.774E-09
3s6s 1S 0 1.810E-09 1.815E-09
3s6p 3Po0 9.157E-09 9.335E-09
3s6p 3Po1 8.981E-09 9.117E-09
3s6p 3Po2 9.032E-09 9.105E-09
3p3d 1Po1 2.809E-10 2.843E-10
3s5 f 1Fo3 b 3.995E-10 4.003E-10
3s6p 1Po1 1.129E-09 1.136E-09
3s6d 3D1 5.243E-09 5.354E-09
3s6d 3D2 5.548E-09 5.645E-09
3s6d 3D3 5.953E-09 6.035E-09
3s6d 1D2 1.081E-08 1.095E-08
3s7s 3S 1 2.009E-09 2.021E-09
3s6 f 3Fo4 1.676E-09 1.679E-09
3s6 f 3Fo3 1.684E-09 1.687E-09
3s6 f 3Fo2 1.690E-09 1.695E-09
3s6g 3G3 4.764E-09 4.748E-09
3s6g 3G4 4.782E-09 4.763E-09
3s6g 1G4 4.802E-09 4.793E-09
3s6g 3G5 4.759E-09 4.754E-09
3s7s 1S 0 2.849E-09 2.859E-09
3p4p 1P1 6.436E-10 6.446E-10
3s6 f 1Fo3 8.651E-10 8.659E-10
3p4p 3D1 7.732E-10 7.724E-10
3s7p 3Po0 1.524E-08 1.561E-08
3s7p 3Po1 1.521E-08 1.551E-08
3s7p 3Po2 1.518E-08 1.535E-08
3p4p 3D2 7.715E-10 7.714E-10
3p4p 3D3 7.665E-10 7.664E-10
3s7p 1Po1 7.755E-09 7.978E-09
3s7d 1D2 3.670E-09 3.710E-09
3p4p 3P0 7.308E-10 7.301E-10
3p4p 3P1 7.334E-10 7.326E-10
3p4p 3P2 7.504E-10 7.493E-10
3p4p 3S 1 9.027E-10 9.046E-10
3s7d 3D1 6.279E-09 6.118E-09
3s7d 3D2 5.964E-09 5.850E-09
3s7d 3D3 5.550E-09 5.492E-09
3s7 f 3Fo4 2.689E-09 2.697E-09
3s7 f 3Fo3 2.708E-09 2.718E-09
3s7 f 3Fo2 2.722E-09 2.736E-09
3s7g 3G3 7.614E-09 7.543E-09
3s7g 3G4 7.632E-09 7.616E-09
3s7g 1G4 7.804E-09 7.727E-09
3s7g 3G5 7.610E-09 7.609E-09
3s7 f 1Fo3 1.713E-09 1.723E-09
References. (a)Present calculations; (b)Froese Fischer et al. (2006); (c)Safronova et al. (2000); (d)Bashkin et al. (1980); (e)Berry et al. (1971);
( f )Livingston et al. (1976b).
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Table A.4. Computed excitation energies in cm −1 for the 45 lowest states in
Si iv, as a function of the increasing active set of orbitals, accounting for CV
correlation, where n indicates the maximum principle quantum number of the
orbitals included in the active set, as well as CC correlation. Observed and com-
puted excitation energies for the Si iv from the NIST-database (Eaobs) and the other
theoretical study (Ebtheor) are also given. In the last two columns, the difference ∆E
between observed and computed energies is compared for the present and previ-
ous studies.
CV
Level n = 10 n = 11 n = 12 CC Eobsa Ebtheor ∆ECC ∆E
b
theor
3s 2S 1/2 0 0 0 0 0 0 0 0
3p 2Po1/2 71407 71353 71351 71211 71288 71159 77 128
3p 2Po3/2 71870 71813 71812 71667 71749 71667 82 81
3d 2D5/2 160585 161039 161209 160208 160374 160287 166 87
3d 2D3/2 160587 161041 161210 160210 160376 160281 166 94
4s 2S 1/2 194179 194571 194709 193778 193979 193787 201 192
4p 2Po1/2 218498 218859 218986 218048 218267 218051 219 216
4p 2Po3/2 218661 219020 219147 218208 218429 218234 221 194
4d 2D5/2 250200 250743 250933 249767 250008 249827 241 181
4d 2D3/2 250200 250743 250933 249768 250008 249821 240 187
4 f 2Fo5/2 254313 254927 255134 253847 254127 253876 280 251
4 f 2Fo7/2 254315 254929 255136 253848 254129 253880 281 249
5s 2S 1/2 265617 266135 266312 265166 265418 265216 252 202
5p 2Po1/2 276718 277218 277387 276244 276504 276281 260 223
5p 2Po3/2 276794 277293 277462 276319 276579 276365 260 214
5d 2D5/2 291680 292265 292464 291232 291498 291292 266 206
5d 2D3/2 291680 292265 292464 291232 291498 291290 266 208
5 f 2Fo5/2 293898 294519 294727 293431 293719 293475 288 244
5 f 2Fo7/2 293899 294520 294728 293432 293719 293477 287 242
5g 2G7/2 294007 294638 294847 293549 293838 289
5g 2G9/2 294008 294638 294848 293550 293838 288
6s 2S 1/2 299865 300436 300628 299406 299677 299451 271 226
6p 2Po1/2 305839 306398 306585 305365 305641 305405 276 236
6p 2Po3/2 305881 306439 306626 305406 305682 305450 276 232
6d 2D3/2 314092 314698 314901 313638 313915 313688 277 227
6d 2D5/2 314092 314698 314901 313638 313915 313690 277 225
6 f 2Fo5/2 315404 316031 316239 314939 315230 314983 291 248
6 f 2Fo7/2 315404 316031 316240 314940 315230 314983 290 247
6g 2G7/2 315475 316106 316315 315016 315305 289
6g 2G9/2 315475 316106 316316 315016 315305 289
6h 2Ho9/2 315482 316118 316327 315023 315317 294
6h 2Ho11/2 315482 316118 316328 315023 315317 294
7s 2S 1/2 318924 319520 319719 318463 318743 318505 280 238
7p 2Po1/2 322500 323089 323285 322029 322313 322069 284 244
7p 2Po3/2 322525 323114 323309 322054 322338 322097 284 241
7d 2D3/2 327536 328153 328358 327080 327362 327125 282 237
7d 2D5/2 327536 328153 328358 327080 327362 327125 282 237
7 f 2Fo5/2 328370 329001 329210 327908 328200 327950 292 251
7 f 2Fo7/2 328371 329001 329210 327908 328200 327950 292 250
7g 2G7/2 328418 329050 329260 327959 328250 291
7g 2G9/2 328419 329051 329260 327959 328250 291
7h 2Ho9/2 328423 329059 329269 327963 328257 294
7h 2Ho11/2 328423 329059 329269 327964 328257 293
7i 2I11/2 328424 329060 329270 327965 328261 296
7i 2I13/2 328425 329061 329270 327965 328261 296
References. (a)Kramida et al. (2018); (b)Froese Fischer et al. (2006).
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Table A.5. Results for Si iv: Comparison between computed lifetimes, in length
(τl) and velocity (τv) gauge, from our calculations. These are compared to the
predicted lifetimes from other calculationsb,c (τtheor), as well as experimental re-
sults τd,eobs, with stated uncertainties. All values are given in seconds.
RCI
Level τl τv τtheor b τtheorc τobsd τobse
3p 2Po1/2 1.162E-09 1.159E-09 1.167E-09 1.102E-09 (1.2 ± 0.4)E-09
3p 2Po3/2 1.139E-09 1.138E-09 1.141E-09 1.081E-09 (1.2 ± 0.4)E-09
3d 2D3/2 3.923E-10 3.906E-10 3.916E-10 3.790E-10 (4.6 ± 0.5)E-10
3d 2D5/2 3.964E-10 3.949E-10 3.962E-10 3.840E-10 (4.6 ± 0.5)E-10
4s 2S 1/2 2.819E-10 2.827E-10 2.821E-10 2.930E-10
4p 2Po1/2 9.156E-10 9.150E-10 9.111E-10 9.970E-10 (7.5 ± 0.3)E-10
4p 2Po3/2 9.232E-10 9.221E-10 9.199E-10 9.900E-10 (7.5 ± 0.3)E-10
4d 2D3/2 1.808E-09 1.812E-09 1.806E-09 1.824E-09 (2.0 ± 0.2)E-09 (2.1 ± 0.2)E-09
4d 2D5/2 1.811E-09 1.816E-09 1.810E-09 1.846E-09 (2.0 ± 0.2)E-09 (2.1 ± 0.2)E-09
4 f 2Fo5/2 2.638E-10 2.638E-10 2.639E-10 2.620E-10 (4.8 ± 0.4)E-10
4 f 2Fo7/2 2.638E-10 2.638E-10 2.639E-10 2.620E-10 (4.8 ± 0.4)E-10
5s 2S 1/2 4.348E-10 4.356E-10 4.322E-10 4.460E-10
5p 2Po1/2 1.288E-09 1.283E-09 1.269E-09 1.382E-09 (2.1 ± 0.3)E-09 (2.2 ± 0.2)E-09
5p 2Po3/2 1.299E-09 1.293E-09 1.283E-09 1.375E-09 (2.1 ± 0.3)E-09 (2.2 ± 0.2)E-09
5d 2D3/2 3.090E-09 3.100E-09 3.058E-09 3.231E-09
5d 2D5/2 3.068E-09 3.078E-09 3.036E-09 3.256E-09
5 f 2Fo5/2 4.940E-10 4.934E-10 4.926E-10
5 f 2Fo7/2 4.940E-10 4.935E-10 4.927E-10 4.820E-10
5g 2G7/2 9.147E-10 9.154E-10 9.240E-10 (12 ± 2)E-10 (26 ± 3)E-10
5g 2G9/2 9.147E-10 9.154E-10 9.240E-10 (12 ± 2)E-10 (26 ± 3)E-10
6s 2S 1/2 7.062E-10 7.058E-10 6.952E-10 7.160E-10
6p 2Po1/2 1.957E-09 1.937E-09 1.901E-09 2.063E-09
6p 2Po3/2 1.975E-09 1.952E-09 1.921E-09 2.056E-09
6d 2D3/2 4.529E-09 4.488E-09 4.376E-09 4.685E-09
6d 2D5/2 4.482E-09 4.445E-09 4.332E-09 4.712E-09
6 f 2Fo5/2 8.336E-10 8.289E-10 8.274E-10
6 f 2Fo7/2 8.336E-10 8.290E-10 8.274E-10 8.070E-10
6g 2G7/2 1.568E-09 1.569E-09
6g 2G9/2 1.568E-09 1.569E-09 1.569E-09
6h 2Ho9/2 2.373E-09 2.374E-09 (5.2 ± 0.5)E-09
6h 2Ho11/2 2.373E-09 2.374E-09 2.376E-09 (5.2 ± 0.5)E-09
7s 2S 1/2 1.116E-09 1.110E-09 1.077E-09 1.110E-09
7p 2Po1/2 3.010E-09 2.911E-09 2.808E-09 3.040E-09
7p 2Po3/2 3.035E-09 2.934E-09 2.837E-09 3.034E-09
7d 2D3/2 6.832E-09 6.366E-09 6.073E-09 6.542E-09
7d 2D5/2 6.732E-09 6.300E-09 6.007E-09 6.553E-09
7 f 2Fo5/2 1.325E-09 1.294E-09 1.289E-09
7 f 2Fo7/2 1.325E-09 1.294E-09 1.289E-09 1.261E-09
7g 2G7/2 2.473E-09 2.469E-09
7g 2G9/2 2.473E-09 2.470E-09 2.454E-09
7h 2Ho9/2 3.751E-09 3.752E-09
7h 2Ho11/2 3.751E-09 3.753E-09 3.750E-09
7i 2I11/2 5.270E-09 5.272E-09
7i 2I13/2 5.270E-09 5.272E-09 5.267E-09
Notes. Both the length and velocity forms are displayed for the present RCI calculations. The available lifetimes from experimental measurements
and previous calculations are also given.
References. (a)Present calculations; (b)Froese Fischer et al. (2006); (c)Siems et al. (2001); (d)Bashkin et al. (1980); (e)Berry et al. (1971).
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Table 1. Presentation of the complete computed radiative transition data of Si iii lines together with the relative uncertainties dT = |Al−Av|max(Al ,Av) .
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s7p 1Po1 3s
2 1S 0 244871.47 40.8378 ∗ 5.920E+07 4.426E-03 5.893E+07 4.419E-03 0.057
3s7p 3Po1 3s
2 1S 0 244933.36 40.8274 ∗ 2.200E+04 1.650E-06 2.202E+04 1.650E-06 0.009
3s6p 1Po1 3s
2 1S 0 234387.64 42.6644 ∗ 3.250E+07 2.625E-03 3.186E+07 2.608E-03 0.058
3p3d 1Po1 3s
2 1S 0 235951.09 42.3817 ∗ 1.555E+07 1.268E-03 1.576E+07 1.274E-03 0.058
3s6p 3Po1 3s
2 1S 0 234428.4 42.6569 ∗ 1.719E+04 1.408E-06 1.720E+04 1.408E-06 0.108
3p4s 1Po1 3s
2 1S 0 228699.75 43.7255 ∗ 5.023E+07 4.316E-03 5.017E+07 4.314E-03 0.001
3p4s 3Po1 3s
2 1S 0 226527.42 44.1448 ∗ 1.532E+05 1.342E-05 1.531E+05 1.342E-05 0.044
3s5p 3Po1 3s
2 1S 0 214994.65 46.5128 ∗ 7.148E+04 6.954E-06 7.147E+04 6.954E-06 0.038
3s5p 1Po1 3s
2 1S 0 214532 46.6131 1.872E+08 1.830E-02 1.873E+08 1.830E-02 0.016
3s7d 3D1 3s3p 3Po0 196368.81 50.9246
∗ 9.061E+05 1.058E-04 9.074E+05 1.059E-04 0.073
3p4p 3S 1 3s3p 3Po0 196048.17 51.0079
∗ 3.684E+06 4.306E-04 3.678E+06 4.304E-04 0.038
3s7d 3D2 3s3p 3Po1 196250.62 50.9553
∗ 1.166E+06 2.271E-04 1.168E+06 2.272E-04 0.054
3s7d 3D1 3s3p 3Po1 196240.22 50.958
∗ 8.486E+05 9.919E-05 8.497E+05 9.923E-05 0.067
3p4p 3S 1 3s3p 3Po1 195919.58 51.0414
∗ 1.609E+07 1.883E-03 1.606E+07 1.882E-03 0.032
3s7d 3D3 3s3p 3Po2 196006.13 51.0188
∗ 2.214E+06 6.054E-04 2.217E+06 6.057E-04 0.028
3s7d 3D2 3s3p 3Po2 195988.89 51.0233
∗ 9.192E+05 1.795E-04 9.204E+05 1.796E-04 0.046
3s7d 3D1 3s3p 3Po2 195978.49 51.026
∗ 1.906E+05 2.234E-05 1.908E+05 2.235E-05 0.049
3p4p 3S 1 3s3p 3Po2 195657.85 51.1096
∗ 4.896E+07 5.744E-03 4.886E+07 5.740E-03 0.030
3p4p 3P2 3s3p 3Po1 195314.76 51.1994
∗ 1.765E+07 3.468E-03 1.765E+07 3.468E-03 0.028
3p4p 3P1 3s3p 3Po0 195229 51.2219
∗ 2.878E+07 3.395E-03 2.877E+07 3.395E-03 0.027
3p4p 3P1 3s3p 3Po1 195100.41 51.2557
∗ 2.805E+07 3.313E-03 2.804E+07 3.313E-03 0.028
3p4p 3P2 3s3p 3Po2 195053.03 51.2681
∗ 6.342E+07 1.249E-02 6.340E+07 1.249E-02 0.025
3p4p 3P0 3s3p 3Po1 195018.38 51.2772
∗ 8.609E+07 3.393E-03 8.605E+07 3.392E-03 0.025
3s7d 1D2 3s3p 3Po1 197783.27 50.5604
∗ 4.174E+05 8.226E-05 4.353E+05 8.342E-05 0.059
3p4p 3P1 3s3p 3Po2 194838.68 51.3245
∗ 2.751E+07 3.258E-03 2.749E+07 3.257E-03 0.017
3s7d 1D2 3s3p 3Po2 197521.54 50.6274
∗ 2.708E+06 5.350E-04 2.824E+06 5.425E-04 0.017
3p4p 3D2 3s3p 3Po1 192013 52.0799 1.124E+08 2.283E-02 1.123E+08 2.283E-02 0.017
3p4p 3D1 3s3p 3Po0 192012 52.08 8.336E+07 1.016E-02 8.331E+07 1.016E-02 0.018
3p4p 3D3 3s3p 3Po2 191972 52.091 1.466E+08 4.171E-02 1.465E+08 4.170E-02 0.017
3p4p 3D1 3s3p 3Po1 191884 52.1149 6.003E+07 7.330E-03 5.999E+07 7.328E-03 0.016
3p4p 3D2 3s3p 3Po2 191751 52.151 3.516E+07 7.164E-03 3.513E+07 7.162E-03 0.016
3p4p 3D1 3s3p 3Po2 191622 52.1861 3.797E+06 4.648E-04 3.794E+06 4.647E-04 0.017
3p4p 1P1 3s3p 3Po0 190160.61 52.5871
∗ 4.177E+05 5.193E-05 4.174E+05 5.192E-05 0.004
3p4p 1P1 3s3p 3Po1 190032.02 52.6227
∗ 4.806E+05 5.983E-05 4.802E+05 5.982E-05 0.008
3p4p 1P1 3s3p 3Po2 189770.29 52.6953
∗ 3.853E+04 4.809E-06 3.850E+04 4.808E-06 0.042
3s7s 3S 1 3s3p 3Po0 189420.41 52.7926
∗ 2.866E+07 3.598E-03 2.872E+07 3.601E-03 0.007
3s7s 3S 1 3s3p 3Po1 189291.82 52.8285
∗ 8.630E+07 1.085E-02 8.648E+07 1.086E-02 0.007
3s7s 3S 1 3s3p 3Po2 189030.09 52.9016
∗ 1.439E+08 1.813E-02 1.442E+08 1.814E-02 0.006
3s6d 1D2 3s3p 3Po1 187696.49 53.2775
∗ 7.433E+04 1.583E-05 7.442E+04 1.584E-05 0.087
3s6d 3D1 3s3p 3Po0 187538 53.3226 2.187E+07 2.799E-03 2.189E+07 2.800E-03 0.005
3s6d 1D2 3s3p 3Po2 187434.76 53.3519
∗ 6.640E+04 1.418E-05 6.647E+04 1.418E-05 0.052
3s6d 3D2 3s3p 3Po1 187431 53.353 2.839E+07 6.062E-03 2.842E+07 6.064E-03 0.010
3s6d 3D1 3s3p 3Po1 187409 53.3592 1.658E+07 2.125E-03 1.659E+07 2.126E-03 0.005
3s6d 3D3 3s3p 3Po2 187200 53.4189 3.617E+07 1.084E-02 3.621E+07 1.084E-02 0.017
3s6d 3D2 3s3p 3Po2 187169 53.4276 9.583E+06 2.052E-03 9.592E+06 2.053E-03 0.009
3s6d 3D1 3s3p 3Po2 187147 53.4339 1.114E+06 1.431E-04 1.115E+06 1.431E-04 0.005
3s6s 3S 1 3s3p 3Po0 176898 56.5296 4.961E+07 7.141E-03 4.972E+07 7.146E-03 0.006
3s6s 3S 1 3s3p 3Po1 176770 56.5707 1.490E+08 2.148E-02 1.493E+08 2.150E-02 0.006
3s4p 1Po1 3s
2 1S 0 176490 56.6613 1.447E+08 2.089E-02 1.447E+08 2.089E-02 0.022
3s6s 3S 1 3s3p 3Po2 176508 56.6546 2.489E+08 3.598E-02 2.494E+08 3.600E-02 0.005
3s4p 3Po1 3s
2 1S 0 175263.1 57.0571 ∗ 3.153E+05 4.617E-05 3.154E+05 4.617E-05 0.006
3s5d 1D2 3s3p 3Po1 174811.81 57.2044
∗ 1.668E+04 4.093E-06 1.669E+04 4.094E-06 0.262
3s5d 3D1 3s3p 3Po0 174356.5 57.3538
∗ 1.689E+06 2.500E-04 1.690E+06 2.501E-04 0.022
3s5d 3D1 3s3p 3Po1 174227.91 57.3961
∗ 1.348E+06 1.998E-04 1.349E+06 1.998E-04 0.018
3s5d 3D2 3s3p 3Po1 174230.93 57.3951
∗ 2.490E+06 6.151E-04 2.492E+06 6.153E-04 0.004
3s5d 3D1 3s3p 3Po2 173966.18 57.4824
∗ 1.009E+05 1.500E-05 1.009E+05 1.500E-05 0.016
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s5d 3D2 3s3p 3Po2 173969.2 57.4814
∗ 9.268E+05 2.296E-04 9.275E+05 2.297E-04 0.003
3s5d 3D3 3s3p 3Po2 173973.71 57.4799
∗ 3.800E+06 1.318E-03 3.804E+06 1.318E-03 0.032
3p4p 3S 1 3s3p 1Po1 165888.45 60.2815
∗ 5.352E+04 8.743E-06 5.349E+04 8.741E-06 0.186
3p4p 3P2 3s3p 1Po1 165283.63 60.5021
∗ 1.938E+05 5.321E-05 1.941E+05 5.323E-05 0.032
3p4p 3P1 3s3p 1Po1 165069.28 60.5806
∗ 9.519E+04 1.572E-05 9.530E+04 1.573E-05 0.027
3p4p 3P0 3s3p 1Po1 164987.25 60.6107
∗ 7.327E+04 4.038E-06 7.334E+04 4.039E-06 0.291
3s7d 1D2 3s3p 1Po1 167752.14 59.6118
∗ 6.839E+06 1.885E-03 7.198E+06 1.917E-03 0.003
3p4p 3D2 3s3p 1Po1 161981.64 61.7354
∗ 1.945E+04 5.559E-06 1.947E+04 5.561E-06 0.080
3p4p 3D1 3s3p 1Po1 161852.52 61.7846
∗ 8.941E+05 1.536E-04 8.948E+05 1.536E-04 0.035
3p4p 1P1 3s3p 1Po1 160001 62.4997 1.539E+08 2.706E-02 1.540E+08 2.707E-02 0.019
3s7s 1S 0 3s3p 1Po1 159653.54 62.6356
∗ 1.275E+08 7.522E-03 1.280E+08 7.532E-03 0.010
3s7s 3S 1 3s3p 1Po1 159260.69 62.7901
∗ 1.554E+04 2.762E-06 1.560E+04 2.766E-06 0.111
3s6d 1D2 3s3p 1Po1 157665.36 63.4255
∗ 1.436E+07 4.340E-03 1.440E+07 4.344E-03 0.014
3s6d 3D2 3s3p 1Po1 157399.87 63.5325
∗ 2.014E+04 6.105E-06 2.020E+04 6.111E-06 0.174
3s6d 3D1 3s3p 1Po1 157377.87 63.5413
∗ 5.795E+04 1.054E-05 5.811E+04 1.055E-05 0.004
3s5s 3S 1 3s3p 3Po0 153451.4 65.1672 9.992E+07 1.912E-02 1.002E+08 1.914E-02 0.005
3s5s 3S 1 3s3p 3Po1 153322 65.2219 3.001E+08 5.750E-02 3.008E+08 5.754E-02 0.005
3s5s 3S 1 3s3p 3Po2 153062 65.3334 5.013E+08 9.638E-02 5.024E+08 9.645E-02 0.005
3s4d 1D2 3s3p 3Po1 151477.51 66.0164
∗ 1.266E+05 4.132E-05 1.264E+05 4.130E-05 0.120
3s4d 3D1 3s3p 3Po0 148873 67.1713 2.101E+07 4.261E-03 2.100E+07 4.260E-03 0.010
3s4d 3D2 3s3p 3Po1 148745 67.2292 2.720E+07 9.213E-03 2.720E+07 9.213E-03 0.003
3s4d 3D1 3s3p 3Po2 148483 67.3479 9.772E+05 1.992E-04 9.764E+05 1.991E-04 0.010
3s4d 3D2 3s3p 3Po2 148483 67.3477 8.639E+06 2.936E-03 8.636E+06 2.936E-03 0.003
3s4d 3D3 3s3p 3Po2 148484.5 67.3471 3.368E+07 1.604E-02 3.369E+07 1.604E-02 0.010
3s6s 1S 0 3s3p 1Po1 147480 67.8058 2.346E+08 1.622E-02 2.356E+08 1.624E-02 0.007
3s5d 1D2 3s3p 1Po1 144780.7 69.07 6.040E+07 2.163E-02 6.055E+07 2.165E-02 0.012
3s5d 3D2 3s3p 1Po1 144199.8 69.3482
∗ 1.873E+04 6.765E-06 1.878E+04 6.772E-06 0.233
3s7 f 1Fo3 3p
2 1D2 128151.7 78.0325 ∗ 2.626E+06 1.685E-03 2.642E+06 1.689E-03 0.087
3s5s 1S 0 3s3p 1Po1 124989 80.0066 4.863E+08 4.682E-02 4.886E+08 4.689E-02 0.005
3s7p 1Po1 3p
2 1D2 122656.95 81.5282 ∗ 3.878E+04 1.157E-05 3.864E+04 1.156E-05 0.397
3s6 f 1Fo3 3p
2 1D2 121654 82.2004 1.487E+07 1.058E-02 1.495E+07 1.060E-02 0.040
3s4d 1D2 3s3p 1Po1 121446 82.3409 4.695E+08 2.387E-01 4.697E+08 2.387E-01 0.005
3s4d 3D2 3s3p 1Po1 118713.87 84.2362
∗ 1.527E+04 8.133E-06 1.530E+04 8.138E-06 0.296
3s7p 3Po0 3p
2 3P1 115086.75 86.891 ∗ 6.786E+03 7.705E-07 6.818E+03 7.717E-07 0.050
3s6p 1Po1 3p
2 1D2 112173.12 89.1479 ∗ 1.009E+08 3.523E-02 9.738E+07 3.482E-02 0.004
3s5 f 1Fo3 b 3p
2 1D2 113199 88.3397 4.662E+08 3.821E-01 4.666E+08 3.822E-01 0.011
3s3d 1D2 3s3p 3Po1 112911.72 88.5648
∗ 2.342E+05 1.373E-04 2.330E+05 1.371E-04 0.059
3s3d 1D2 3s3p 3Po2 112649.99 88.7705
∗ 5.269E+04 3.101E-05 5.241E+04 3.096E-05 0.053
3p3d 1Po1 3p
2 1D2 113736.6 87.9225 1.723E+07 6.126E-03 1.782E+07 6.195E-03 0.046
3s6p 3Po1 3p
2 1D2 112213.88 89.1155 ∗ 3.822E+04 1.372E-05 3.852E+04 1.376E-05 0.087
3s5 f 3Fo3 3p
2 1D2 108054.1 92.5462 ∗ 1.519E+04 1.373E-05 1.532E+04 1.377E-05 0.065
3s7 f 1Fo3 3s3d
3D3 107422.48 93.0904 ∗ 1.273E+04 1.162E-05 1.280E+04 1.164E-05 0.157
3s7 f 1Fo3 3s3d
3D2 107420.38 93.0922 ∗ 3.517E+04 3.214E-05 3.542E+04 3.222E-05 0.074
3s7 f 3Fo2 3s3d
3D3 106830.7 93.606 1.117E+06 7.366E-04 1.125E+06 7.383E-04 0.005
3s7 f 3Fo3 3s3d
3D3 106831 93.6058 2.814E+07 2.599E-02 2.833E+07 2.605E-02 0.005
3s7 f 3Fo4 3s3d
3D3 106831.2 93.6056 2.559E+08 3.039E-01 2.576E+08 3.046E-01 0.004
3s7 f 3Fo2 3s3d
3D2 106828.6 93.6079 3.914E+07 2.585E-02 3.946E+07 2.592E-02 0.003
3s7 f 3Fo3 3s3d
3D2 106828.9 93.6077 2.254E+08 2.084E-01 2.273E+08 2.090E-01 0.003
3s7 f 3Fo2 3s3d
3D1 106826.2 93.61 2.116E+08 1.399E-01 2.136E+08 1.403E-01 0.004
3p4s 1Po1 3p
2 1D2 106486 93.9097 1.185E+09 4.711E-01 1.190E+09 4.717E-01 0.002
3s4s 1S 0 3s3p 3Po1 106216.33 94.1475
∗ 2.038E+04 2.712E-06 2.042E+04 2.714E-06 0.145
3s6p 1Po1 3p
2 3P1 104545.67 95.652 ∗ 1.272E+04 5.090E-06 1.220E+04 5.020E-06 0.060
3s6p 1Po1 3p
2 3P2 104287.12 95.8891 ∗ 1.449E+05 5.827E-05 1.389E+05 5.746E-05 0.009
3s5 f 1Fo3 b 3p
2 3P2 105313.41 94.9547 ∗ 1.902E+05 1.796E-04 1.896E+05 1.794E-04 0.009
3p3d 1Po1 3p
2 3P0 106242.64 94.1242 ∗ 6.936E+04 2.825E-05 7.167E+04 2.856E-05 0.209
3p3d 1Po1 3p
2 3P1 106109.12 94.2426 ∗ 2.262E+04 9.232E-06 2.337E+04 9.332E-06 0.292
3s6p 3Po1 3p
2 3P0 104719.95 95.4928 ∗ 7.264E+05 2.990E-04 7.303E+05 2.995E-04 0.004
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3p4s 3Po2 3p
2 1D2 104605.76 95.597 ∗ 2.956E+05 2.031E-04 2.970E+05 2.034E-04 0.011
3s6p 3Po2 3p
2 3P1 104600.21 95.6021 ∗ 6.663E+05 4.580E-04 6.696E+05 4.588E-04 0.003
3s6p 3Po1 3p
2 3P1 104586.43 95.6147 ∗ 5.107E+05 2.107E-04 5.133E+05 2.111E-04 0.000
3s6p 3Po0 3p
2 3P1 104573.1 95.6269 ∗ 1.911E+06 2.628E-04 1.920E+06 2.632E-04 0.004
3s6p 3Po2 3p
2 3P2 104341.66 95.839 ∗ 1.891E+06 1.306E-03 1.899E+06 1.308E-03 0.004
3s6p 3Po1 3p
2 3P2 104327.88 95.8517 ∗ 8.914E+05 3.695E-04 8.954E+05 3.701E-04 0.002
3p4s 3Po1 3p
2 1D2 104312.9 95.8654 ∗ 7.742E+06 3.210E-03 7.778E+06 3.215E-03 0.001
3s5 f 1Fo3 a 3p
2 1D2 103311 96.7944 1.322E+09 1.303E+00 1.326E+09 1.304E+00 0.005
3s7p 3Po2 3s3d
3D3 101999.57 98.0396 ∗ 1.726E+07 1.249E-02 1.738E+07 1.252E-02 0.007
3s7p 3Po2 3s3d
3D2 101997.47 98.0416 ∗ 3.099E+06 2.246E-03 3.125E+06 2.252E-03 0.023
3s7p 3Po1 3s3d
3D2 101987.52 98.0512 ∗ 1.546E+07 6.723E-03 1.559E+07 6.742E-03 0.024
3s7p 3Po2 3s3d
3D1 101995.06 98.044 ∗ 2.071E+05 1.502E-04 2.091E+05 1.507E-04 0.033
3s7p 3Po1 3s3d
3D1 101985.11 98.0535 ∗ 5.168E+06 2.249E-03 5.218E+06 2.256E-03 0.035
3s7p 3Po0 3s3d
3D1 101980.47 98.058 ∗ 2.065E+07 2.997E-03 2.085E+07 3.007E-03 0.035
3p2 1S 0 3s3p 3Po1 100590.95 99.4125
∗ 2.473E+05 3.631E-05 2.440E+05 3.615E-05 0.017
3s6 f 1Fo3 3s3d
3D3 100924.76 99.0837 ∗ 3.404E+04 3.517E-05 3.418E+04 3.522E-05 0.176
3s6 f 1Fo3 3s3d
3D2 100922.66 99.0858 ∗ 7.946E+04 8.217E-05 7.991E+04 8.232E-05 0.105
3s4s 3S 1 3s3p 3Po0 100652 99.3519 2.718E+08 1.209E-01 2.727E+08 1.210E-01 0.002
3s4s 3S 1 3s3p 3Po1 100524 99.479 8.172E+08 3.645E-01 8.198E+08 3.649E-01 0.002
3s4s 3S 1 3s3p 3Po2 100262 99.7386 1.369E+09 6.135E-01 1.373E+09 6.141E-01 0.002
3s6 f 3Fo2 3s3d
3D3 99467.1 100.5357 1.925E+06 1.465E-03 1.939E+06 1.469E-03 0.004
3s6 f 3Fo3 3s3d
3D3 99467.5 100.5353 4.844E+07 5.163E-02 4.879E+07 5.175E-02 0.003
3s6 f 3Fo4 3s3d
3D3 99468 100.5349 4.397E+08 6.026E-01 4.429E+08 6.041E-01 0.002
3s6 f 3Fo2 3s3d
3D2 99466 100.5378 6.758E+07 5.150E-02 6.818E+07 5.165E-02 0.002
3s6 f 3Fo3 3s3d
3D2 99465.43 100.5374 ∗ 3.886E+08 4.146E-01 3.920E+08 4.158E-01 0.002
3s6 f 3Fo2 3s3d
3D1 99462.6 100.5403 3.656E+08 2.789E-01 3.693E+08 2.798E-01 0.002
3p4s 1Po1 3p
2 3P0 98991.3 101.019 ∗ 1.664E+06 7.642E-04 1.666E+06 7.645E-04 0.003
3p4s 1Po1 3p
2 3P1 98857.78 101.1554 ∗ 1.649E+06 7.591E-04 1.650E+06 7.593E-04 0.006
3p4s 1Po1 3p
2 3P2 98599.23 101.4207 ∗ 5.013E+06 2.319E-03 5.014E+06 2.319E-03 0.002
3p4s 3Po2 3p
2 3P1 96978 103.1158 3.022E+08 2.411E-01 3.026E+08 2.412E-01 0.001
3p4s 3Po1 3p
2 3P0 96819 103.2855 3.956E+08 1.900E-01 3.963E+08 1.901E-01 0.000
3p4s 3Po2 3p
2 3P2 96719 103.3915 9.032E+08 7.242E-01 9.040E+08 7.244E-01 0.001
3p4s 3Po1 3p
2 3P1 96685.5 103.4282 2.950E+08 1.420E-01 2.954E+08 1.421E-01 0.000
3p4s 3Po0 3p
2 3P1 96558 103.5647 1.182E+09 1.902E-01 1.183E+09 1.903E-01 0.000
3p4s 3Po1 3p
2 3P2 96427 103.7055 4.928E+08 2.385E-01 4.932E+08 2.386E-01 0.001
3s5 f 1Fo3 a 3p
2 3P2 95425.81 104.7935 ∗ 9.668E+05 1.114E-03 9.661E+05 1.114E-03 0.005
3p3d 3Do2 3p
2 1D2 95225.4 105.014 ∗ 1.193E+06 9.845E-04 1.190E+06 9.838E-04 0.019
3p3d 3Do3 3p
2 1D2 95274.97 104.9594 ∗ 2.302E+06 2.660E-03 2.301E+06 2.660E-03 0.014
3p3d 3Do1 3p
2 1D2 95171.25 105.0737 ∗ 4.867E+04 2.411E-05 4.851E+04 2.408E-05 0.016
3p3d 3Po1 3p
2 1D2 94074.17 106.2991 ∗ 5.097E+05 2.585E-04 5.082E+05 2.582E-04 0.004
3p3d 3Po2 3p
2 1D2 93975.72 106.4105 ∗ 3.286E+04 2.788E-05 3.283E+04 2.787E-05 0.041
3s5p 3Po1 3p
2 1D2 92780.13 107.7817 ∗ 1.344E+05 7.055E-05 1.354E+05 7.072E-05 0.048
3s5 f 1Fo3 b 3s3d
3D3 92470.19 108.143 ∗ 9.901E+04 1.214E-04 9.890E+04 1.214E-04 0.189
3s5 f 1Fo3 b 3s3d
3D2 92468.09 108.1454 ∗ 1.461E+05 1.794E-04 1.462E+05 1.794E-04 0.134
3s5p 1Po1 3p
2 1D2 92317 108.3216 3.890E+08 2.065E-01 3.923E+08 2.071E-01 0.007
3p3d 1Po1 3s3d
3D2 93005.25 107.5208 ∗ 3.175E+04 1.696E-05 3.306E+04 1.719E-05 0.530
3p3d 1Po1 3s3d
3D1 93002.84 107.5236 ∗ 9.359E+04 5.004E-05 9.759E+04 5.074E-05 0.105
3s7p 3Po2 3s4s
3S 1 91566.26 109.2105 ∗ 1.477E+06 1.322E-03 1.478E+06 1.322E-03 0.052
3s7p 3Po1 3s4s
3S 1 91556.31 109.2224 ∗ 1.586E+06 8.516E-04 1.587E+06 8.518E-04 0.055
3s7p 3Po0 3s4s
3S 1 91551.67 109.2279 ∗ 1.637E+06 2.929E-04 1.638E+06 2.930E-04 0.055
3s7p 1Po1 3p
2 1S 0 91427.24 109.3766 ∗ 5.335E+06 2.878E-03 5.358E+06 2.882E-03 0.022
3s6p 3Po2 3s3d
3D3 91498.4 109.2915 3.514E+07 3.162E-02 3.540E+07 3.170E-02 0.010
3s6p 3Po2 3s3d
3D2 91496.3 109.294 6.308E+06 5.682E-03 6.366E+06 5.699E-03 0.020
3s6p 3Po1 3s3d
3D2 91482.6 109.3105 3.148E+07 1.702E-02 3.177E+07 1.707E-02 0.022
3s6p 3Po2 3s3d
3D1 91493.9 109.2969 4.218E+05 3.804E-04 4.263E+05 3.817E-04 0.028
3s6p 3Po1 3s3d
3D1 91480.1 109.3133 1.047E+07 5.664E-03 1.058E+07 5.684E-03 0.029
3s6p 3Po0 3s3d
3D1 91466.8 109.3293 4.197E+07 7.573E-03 4.241E+07 7.599E-03 0.030
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s3d 3D1 3s3p 3Po0 90223 110.8358 1.579E+09 8.686E-01 1.569E+09 8.667E-01 0.002
3s3d 3D1 3s3p 3Po1 90095 110.994 1.181E+09 6.517E-01 1.173E+09 6.503E-01 0.002
3s3d 3D2 3s3p 3Po1 164586.64 60.7583
∗ 2.121E+09 1.952E+00 1.286E+10 3.560E+00 0.001
3s3d 3D1 3s3p 3Po2 89833.2 111.3174 7.837E+07 4.347E-02 7.782E+07 4.337E-02 0.002
3s3d 3D2 3s3p 3Po2 164324.91 60.855
∗ 7.038E+08 6.513E-01 4.284E+09 1.189E+00 0.001
3s3d 3D3 3s3p 3Po2 89829 111.323 2.806E+09 3.640E+00 2.796E+09 3.635E+00 0.000
3p3d 3Do1 3p
2 3P0 87677 114.0546 1.909E+09 1.112E+00 1.895E+09 1.109E+00 0.005
3p3d 3Do2 3p
2 3P1 87598 114.1579 2.621E+09 2.550E+00 2.604E+09 2.544E+00 0.004
3p3d 3Do1 3p
2 3P1 87544 114.2285 1.870E+09 1.092E+00 1.856E+09 1.089E+00 0.005
3p3d 3Do2 3p
2 3P2 87339 114.4959 1.333E+09 1.304E+00 1.323E+09 1.301E+00 0.003
3p3d 3Do3 3p
2 3P2 87389 114.4309 3.960E+09 5.423E+00 3.939E+09 5.413E+00 0.002
3p3d 3Do1 3p
2 3P2 87285.2 114.5669 1.944E+08 1.141E-01 1.928E+08 1.138E-01 0.004
3s4 f 3Fo3 3p
2 1D2 87344.81 114.4888 ∗ 3.214E+04 4.440E-05 3.234E+04 4.449E-05 0.183
3s4 f 3Fo2 3p
2 1D2 87316.88 114.5254 ∗ 3.854E+05 3.804E-04 3.876E+05 3.811E-04 0.006
3s5 f 3Fo4 3s3d
3D3 87326.9 114.5122 8.722E+08 1.551E+00 8.792E+08 1.555E+00 0.001
3s5 f 3Fo2 3s3d
3D3 87324 114.5161 3.800E+06 3.755E-03 3.830E+06 3.765E-03 0.005
3s5 f 3Fo3 3s3d
3D3 87324.9 114.5149 9.580E+07 1.325E-01 9.656E+07 1.329E-01 0.002
3s5 f 3Fo2 3s3d
3D2 87323 114.5189 1.342E+08 1.328E-01 1.355E+08 1.332E-01 0.001
3s5 f 3Fo3 3s3d
3D2 87322.78 114.5177 ∗ 7.732E+08 1.071E+00 7.808E+08 1.075E+00 0.000
3s5 f 3Fo2 3s3d
3D1 87319.5 114.522 7.290E+08 7.220E-01 7.372E+08 7.247E-01 0.001
3p3d 3Po1 3p
2 3P0 86580 115.4998 1.013E+09 6.052E-01 1.006E+09 6.038E-01 0.008
3p3d 3Po0 3p
2 3P1 86508 115.5959 2.213E+09 4.407E-01 2.194E+09 4.394E-01 0.008
3p3d 3Po1 3p
2 3P1 86446.7 115.6782 3.492E+08 2.091E-01 3.466E+08 2.086E-01 0.008
3p3d 3Po2 3p
2 3P1 86348 115.8101 8.462E+08 8.478E-01 8.418E+08 8.463E-01 0.003
3p3d 3Po1 3p
2 3P2 86188 116.0252 8.176E+08 4.924E-01 8.111E+08 4.911E-01 0.004
3p3d 3Po2 3p
2 3P2 86090 116.1579 1.232E+09 1.241E+00 1.225E+09 1.239E+00 0.003
3s7p 1Po1 3s4s
1S 0 85801.86 116.5476 ∗ 6.330E+06 3.833E-03 6.246E+06 3.816E-03 0.074
3p4s 1Po1 3s3d
3D2 85753.91 116.6128 ∗ 3.615E+04 2.217E-05 3.631E+04 2.220E-05 0.104
3s5p 3Po1 3p
2 3P0 85286.2 117.2523 9.210E+07 5.710E-02 9.248E+07 5.718E-02 0.011
3s5p 3Po0 3p
2 3P1 85153.5 117.435 1.948E+08 4.036E-02 1.955E+08 4.041E-02 0.011
3s5p 3Po1 3p
2 3P1 85152 117.4361 4.637E+07 2.883E-02 4.654E+07 2.886E-02 0.011
3s5p 3Po2 3p
2 3P1 85148 117.4435 1.042E+08 1.080E-01 1.046E+08 1.081E-01 0.004
3s5p 3Po1 3p
2 3P2 84894.1 117.7938 9.086E+07 5.682E-02 9.113E+07 5.688E-02 0.006
3s5p 3Po2 3p
2 3P2 84888.7 117.8012 2.033E+08 2.119E-01 2.039E+08 2.121E-01 0.005
3s5p 1Po1 3p
2 3P0 84823.72 117.8916 ∗ 7.811E+04 4.900E-05 7.853E+04 4.909E-05 0.001
3s5p 1Po1 3p
2 3P1 84690.2 118.0774 ∗ 1.506E+05 9.476E-05 1.513E+05 9.492E-05 0.011
3s7 f 1Fo3 3s3d
1D2 84601.2 118.2016 4.717E+08 6.963E-01 4.765E+08 6.986E-01 0.010
3p4s 3Po2 3s3d
3D3 83876.5 119.2228 1.663E+07 1.776E-02 1.669E+07 1.778E-02 0.014
3p4s 3Po2 3s3d
3D2 83874.4 119.2258 2.907E+06 3.109E-03 2.923E+06 3.115E-03 0.012
3p4s 3Po2 3s3d
3D1 83872 119.2293 1.899E+05 2.033E-04 1.912E+05 2.038E-04 0.010
3p4s 3Po1 3s3d
3D2 83581.6 119.6436 1.570E+07 1.014E-02 1.578E+07 1.016E-02 0.013
3p4s 3Po1 3s3d
3D1 83579.2 119.647 5.149E+06 3.331E-03 5.184E+06 3.339E-03 0.010
3p4s 3Po0 3s3d
3D1 83451.8 119.8297 2.157E+07 4.664E-03 2.171E+07 4.674E-03 0.010
3s3p 1Po1 3s
2 1S 0 82884 120.65 2.485E+09 1.621E+00 2.472E+09 1.618E+00 0.004
3s3d 1D2 3s3p 1Po1 82882 120.6555 4.577E+09 4.983E+00 4.560E+09 4.977E+00 0.000
3p3d 1Do2 3p
2 1D2 82814 120.7517 2.322E+09 2.533E+00 2.314E+09 2.530E+00 0.001
3s6p 1Po1 3s4s
3S 1 81010.59 123.4407 ∗ 1.209E+05 7.963E-05 1.140E+05 7.808E-05 0.022
3s5 f 1Fo3 a 3s3d
3D3 82582.59 121.0909 ∗ 1.182E+05 1.821E-04 1.184E+05 1.822E-04 0.164
3s5 f 1Fo3 a 3s3d
3D2 82580.49 121.094 ∗ 2.789E+04 4.302E-05 2.799E+04 4.307E-05 0.222
3s4 f 1Fo3 3p
2 1D2 82613 121.0455 1.444E+09 2.235E+00 1.458E+09 2.242E+00 0.002
3s6p 1Po1 3p
2 1S 0 80943 123.5431 3.294E+08 2.203E-01 3.168E+08 2.175E-01 0.008
3p3d 1Po1 3s4s
3S 1 82574.04 121.1034 ∗ 6.284E+04 4.245E-05 6.514E+04 4.296E-05 0.021
3s6p 3Po2 3s4s
3S 1 81065.13 123.3576 ∗ 3.756E+05 4.286E-04 3.758E+05 4.287E-04 0.016
3s6p 3Po1 3s4s
3S 1 81051.35 123.3786 ∗ 2.206E+05 1.511E-04 2.208E+05 1.511E-04 0.038
3s6p 3Po0 3s4s
3S 1 81038.02 123.3989 ∗ 1.707E+05 3.899E-05 1.708E+05 3.900E-05 0.051
3p3d 1Po1 3p
2 1S 0 82506.9 121.202 2.585E+09 1.773E+00 2.735E+09 1.807E+00 0.016
3s6p 3Po1 3p
2 1S 0 80984.17 123.4809 ∗ 1.201E+06 8.354E-04 1.227E+06 8.413E-04 0.018
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s4 f 3Fo2 3p
2 3P1 79689.43 125.4872 ∗ 1.245E+05 1.472E-04 1.247E+05 1.473E-04 0.031
3s4 f 3Fo3 3p
2 3P2 79458.81 125.8514 ∗ 2.225E+05 3.702E-04 2.228E+05 3.704E-04 0.023
3s4 f 3Fo2 3p
2 3P2 79430.88 125.8956 ∗ 3.749E+04 4.457E-05 3.753E+04 4.459E-05 0.024
3s7p 1Po1 3s3d
1D2 79106.47 126.4119 ∗ 6.173E+06 4.422E-03 6.143E+06 4.415E-03 0.009
3s6 f 1Fo3 3s3d
1D2 78104 128.0352 1.023E+09 1.770E+00 1.032E+09 1.775E+00 0.002
3p2 3P2 3s3p 3Po1 77248 129.4545 5.349E+08 6.714E-01 5.342E+08 6.711E-01 0.005
3p2 3P1 3s3p 3Po0 77117 129.6726 7.106E+08 5.368E-01 7.094E+08 5.365E-01 0.005
3p2 3P1 3s3p 3Po1 76989 129.8892 5.303E+08 4.019E-01 5.292E+08 4.016E-01 0.005
3p2 3P2 3s3p 3Po2 76985 129.8946 1.586E+09 2.004E+00 1.583E+09 2.003E+00 0.005
3p2 3P0 3s3p 3Po1 76855 130.1149 2.107E+09 5.338E-01 2.102E+09 5.334E-01 0.004
3s6p 1Po1 3s4s
1S 0 75318 132.7703 1.239E+08 9.425E-02 1.165E+08 9.232E-02 0.013
3p3d 3Fo3 3p
2 1D2 76811.97 130.188 ∗ 3.093E+05 5.492E-04 3.086E+05 5.488E-04 0.084
3p3d 3Fo2 3p
2 1D2 76708.63 130.3634 ∗ 4.196E+05 5.330E-04 4.179E+05 5.323E-04 0.005
3p2 3P1 3s3p 3Po2 76727 130.3323 8.709E+08 6.642E-01 8.688E+08 6.637E-01 0.004
3s4s 1S 0 3s3p 1Po1 76185 131.2591 8.533E+08 2.213E-01 8.584E+08 2.217E-01 0.005
3p3d 1Po1 3s4s
1S 0 76881.5 130.0703 2.133E+07 1.667E-02 2.221E+07 1.690E-02 0.045
3p4s 1Po1 3s4s
3S 1 75322.7 132.7621 ∗ 5.377E+06 4.247E-03 5.349E+06 4.239E-03 0.002
3p3d 1Do2 3p
2 3P1 75187.12 133.0015 ∗ 3.214E+05 4.237E-04 3.186E+05 4.225E-04 0.043
3s6p 3Po1 3s4s
1S 0 75358.79 132.6985 ∗ 2.874E+04 2.280E-05 2.881E+04 2.282E-05 0.060
3p3d 1Do2 3p
2 3P2 74928.57 133.4604 ∗ 4.740E+05 6.289E-04 4.696E+05 6.269E-04 0.030
3p4s 1Po1 3p
2 1S 0 75255.5 132.8806 7.864E+07 6.315E-02 7.997E+07 6.350E-02 0.016
3p3d 3Do2 3s3d
3D3 74496.2 134.2351 7.162E+07 9.637E-02 7.122E+07 9.619E-02 0.001
3p3d 3Do3 3s3d
3D3 74545 134.1458 8.699E+08 1.639E+00 8.669E+08 1.637E+00 0.001
3s4 f 1Fo3 3p
2 3P2 74727.54 133.8195 ∗ 3.447E+05 6.500E-04 3.465E+05 6.511E-04 0.006
3p3d 3Do2 3s3d
3D2 74494 134.2389 7.526E+08 1.014E+00 7.500E+08 1.013E+00 0.003
3p3d 3Do3 3s3d
3D2 74543.6 134.1496 1.179E+08 2.225E-01 1.178E+08 2.224E-01 0.004
3p3d 3Do1 3s3d
3D2 74439.9 134.3365 1.536E+08 1.243E-01 1.529E+08 1.241E-01 0.002
3p3d 3Do2 3s3d
3D1 74491.7 134.2432 1.636E+08 2.207E-01 1.633E+08 2.206E-01 0.000
3p3d 3Do1 3s3d
3D1 74439 134.3409 8.319E+08 6.738E-01 8.293E+08 6.731E-01 0.001
3s7d 3D1 3s4p 3Po0 73863.5 135.3849 6.151E+07 5.072E-02 6.155E+07 5.073E-02 0.004
3s7d 3D2 3s4p 3Po1 73840.8 135.4265 8.555E+07 1.177E-01 8.562E+07 1.177E-01 0.002
3s7d 3D1 3s4p 3Po1 73830.4 135.4456 3.361E+07 2.774E-02 3.363E+07 2.774E-02 0.005
3s7d 3D3 3s4p 3Po2 73784.9 135.5291 1.112E+08 2.146E-01 1.113E+08 2.147E-01 0.002
3s7d 3D2 3s4p 3Po2 73767.6 135.5608 1.722E+07 2.373E-02 1.723E+07 2.373E-02 0.004
3s7d 3D1 3s4p 3Po2 73757.2 135.5799 2.139E+06 1.768E-03 2.139E+06 1.768E-03 0.006
3p4p 3S 1 3s4p 3Po0 73542.8 135.9751 1.311E+08 1.085E-01 1.301E+08 1.082E-01 0.003
3p4p 3S 1 3s4p 3Po1 73509.8 136.0364 3.144E+08 2.603E-01 3.119E+08 2.596E-01 0.003
3p4p 3S 1 3s4p 3Po2 73436.6 136.1719 2.884E+08 2.392E-01 2.860E+08 2.385E-01 0.001
3p4s 3Po2 3s4s
3S 1 73443 136.1596 1.004E+09 1.392E+00 9.996E+08 1.390E+00 0.005
3p3d 3Po0 3s3d
3D1 73401 136.2361 1.036E+09 2.873E-01 1.031E+09 2.869E-01 0.004
3p3d 3Po1 3s3d
3D2 73342 136.3459 8.549E+08 7.127E-01 8.511E+08 7.116E-01 0.000
3p3d 3Po1 3s3d
3D1 73340.4 136.3504 1.687E+08 1.408E-01 1.683E+08 1.407E-01 0.006
3p3d 3Po2 3s3d
3D3 73246 136.5253 9.167E+08 1.277E+00 9.130E+08 1.275E+00 0.002
3p3d 3Po2 3s3d
3D2 73244.4 136.5292 8.217E+07 1.147E-01 8.203E+07 1.146E-01 0.001
3p4s 3Po1 3s4s
3S 1 73150 136.7047 9.888E+08 8.285E-01 9.842E+08 8.272E-01 0.005
3p3d 3Po2 3s3d
3D1 73242 136.5337 2.700E+06 3.773E-03 2.700E+06 3.773E-03 0.010
3p4s 3Po0 3s4s
3S 1 73023 136.9432 9.895E+08 2.773E-01 9.845E+08 2.768E-01 0.005
3p4p 3P2 3s4p 3Po1 72904.9 137.1649 2.507E+08 3.527E-01 2.498E+08 3.523E-01 0.006
3p4p 3P2 3s4p 3Po2 72832 137.3027 7.095E+08 1.000E+00 7.068E+08 9.987E-01 0.006
3p4p 3P1 3s4p 3Po0 72723.7 137.5068 2.932E+08 2.487E-01 2.920E+08 2.484E-01 0.005
3p4p 3P1 3s4p 3Po1 72690.6 137.5694 1.741E+08 1.478E-01 1.734E+08 1.476E-01 0.006
3p4p 3P1 3s4p 3Po2 72617.4 137.708 5.175E+08 4.400E-01 5.152E+08 4.393E-01 0.005
3p4p 3P0 3s4p 3Po1 72608.6 137.7248 9.887E+08 2.803E-01 9.843E+08 2.799E-01 0.006
3s7d 1D2 3s4p 3Po1 75373.45 132.6727
∗ 1.437E+07 2.038E-02 1.602E+07 2.113E-02 0.009
3p4s 3Po1 3p
2 1S 0 73083.19 136.8304 ∗ 5.980E+05 5.097E-04 6.089E+05 5.128E-04 0.001
3s7d 1D2 3s4p 3Po2 75300.29 132.8016
∗ 2.278E+07 3.236E-02 2.538E+07 3.355E-02 0.005
3s7d 3D2 3s4p 1Po1 72616.71 137.7094
∗ 2.019E+05 2.874E-04 2.023E+05 2.876E-04 0.055
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s7d 3D1 3s4p 1Po1 72606.31 137.7291
∗ 1.861E+05 1.590E-04 1.864E+05 1.591E-04 0.006
3p4p 3S 1 3s4p 1Po1 72285.67 138.34
∗ 2.025E+06 1.735E-03 2.011E+06 1.731E-03 0.008
3s5p 3Po2 3s3d
3D3 72045.5 138.8011 4.312E+07 6.254E-02 4.340E+07 6.267E-02 0.005
3s5p 3Po1 3s3d
3D2 72048.8 138.7948 2.284E+07 1.991E-02 2.304E+07 1.997E-02 0.027
3s5p 3Po2 3s3d
3D2 72043.4 138.8052 3.837E+06 5.573E-03 3.870E+06 5.589E-03 0.028
3s5p 3Po0 3s3d
3D1 72047.21 138.7979 ∗ 1.959E+07 5.697E-03 1.980E+07 5.717E-03 0.036
3s5p 3Po1 3s3d
3D1 72047 138.7994 4.489E+06 3.917E-03 4.537E+06 3.931E-03 0.034
3s5p 3Po2 3s3d
3D1 72041 138.8098 1.214E+05 1.766E-04 1.227E+05 1.772E-04 0.036
3p4p 3P2 3s4p 1Po1 71680.85 139.5073
∗ 5.060E+06 7.370E-03 5.049E+06 7.364E-03 0.005
3p4p 3P1 3s4p 1Po1 71466.5 139.9257
∗ 7.464E+04 6.560E-05 7.442E+04 6.554E-05 0.013
3p4p 3P0 3s4p 1Po1 71384.47 140.0865
∗ 3.329E+05 9.772E-05 3.318E+05 9.762E-05 0.033
3s7d 1D2 3s4p 1Po1 74149.4 134.8629 1.439E+08 2.113E-01 1.609E+08 2.193E-01 0.007
3s5p 1Po1 3s3d
3D1 71583.92 139.6962 ∗ 1.614E+04 1.428E-05 1.634E+04 1.434E-05 0.024
3p2 1S 0 3s3p 1Po1 70560 141.7237 2.310E+09 6.886E-01 2.275E+09 6.851E-01 0.005
3s4s 3S 1 3s3p 1Po1 70492.64 141.8588
∗ 1.707E+04 1.553E-05 1.721E+04 1.557E-05 0.126
3s6p 1Po1 3s3d
1D2 68622 145.7245 2.099E+08 1.930E-01 1.982E+08 1.894E-01 0.009
3p4p 3D3 3s4p 3Po2 69750 143.3685 8.422E+08 1.810E+00 8.375E+08 1.807E+00 0.004
3p4s 1Po1 3s4s
1S 0 69630 143.616 8.227E+08 7.612E-01 8.194E+08 7.602E-01 0.002
3p4p 3D2 3s4p 3Po1 69602.9 143.6721 6.065E+08 9.353E-01 6.035E+08 9.337E-01 0.003
3p4p 3D2 3s4p 3Po2 69529.8 143.8232 2.281E+08 3.524E-01 2.269E+08 3.518E-01 0.003
3p4p 3D1 3s4p 3Po0 69506.9 143.8706 4.461E+08 4.139E-01 4.439E+08 4.132E-01 0.003
3s5 f 1Fo3 b 3s3d
1D2 69649 143.5772 1.985E+09 4.300E+00 1.989E+09 4.303E+00 0.000
3p4p 3D1 3s4p 3Po1 69473.8 143.9391 3.507E+08 3.256E-01 3.489E+08 3.250E-01 0.003
3p2 1D2 3s3p 3Po1 69361.24 144.1727
∗ 2.603E+05 4.036E-04 2.584E+05 4.026E-04 0.054
3p4p 3D1 3s4p 3Po2 69400.7 144.0908 2.750E+07 2.558E-02 2.735E+07 2.553E-02 0.003
3p3d 3Fo2 3p
2 3P1 69081.18 144.7572 ∗ 5.328E+04 8.314E-05 5.276E+04 8.287E-05 0.054
3p2 1D2 3s3p 3Po2 69099.51 144.7188
∗ 3.651E+05 5.701E-04 3.622E+05 5.686E-04 0.017
3p3d 3Fo3 3p
2 3P2 68925.97 145.0832 ∗ 9.991E+04 2.194E-04 9.905E+04 2.188E-04 0.049
3p3d 3Fo2 3p
2 3P2 68822.63 145.301 ∗ 1.514E+04 2.379E-05 1.498E+04 2.371E-05 0.053
3p3d 1Po1 3s3d
1D2 70186.1 142.4784 9.184E+08 8.699E-01 9.704E+08 8.860E-01 0.003
3p4p 3D2 3s4p 1Po1 68378.86 146.244
∗ 1.643E+06 2.628E-03 1.637E+06 2.625E-03 0.011
3s6p 3Po1 3s3d
1D2 68663.4 145.638 ∗ 4.111E+05 3.958E-04 4.168E+05 3.976E-04 0.064
3p4p 3D1 3s4p 1Po1 68249.74 146.5207
∗ 1.154E+07 1.112E-02 1.150E+07 1.111E-02 0.001
3p4p 1P1 3s4p 3Po0 67655.29 147.8081
∗ 2.813E+06 2.754E-03 2.798E+06 2.749E-03 0.004
3p4p 1P1 3s4p 3Po1 67622.2 147.8804
∗ 6.596E+06 6.464E-03 6.560E+06 6.452E-03 0.005
3p4p 1P1 3s4p 3Po2 67549.04 148.0406
∗ 4.137E+04 4.062E-05 4.113E+04 4.054E-05 0.038
3p4s 3Po1 3s4s
1S 0 67457.81 148.2408 ∗ 3.748E+06 3.697E-03 3.736E+06 3.693E-03 0.006
3s7s 1S 0 3s4p 3Po1 67274.85 148.644
∗ 2.465E+05 8.180E-05 2.471E+05 8.187E-05 0.011
3s7s 3S 1 3s4p 3Po0 66915.1 149.4431 1.374E+07 1.383E-02 1.378E+07 1.384E-02 0.005
3s7s 3S 1 3s4p 3Po1 66882 149.5171 4.187E+07 4.216E-02 4.197E+07 4.219E-02 0.004
3s7s 3S 1 3s4p 3Po2 66808.8 149.6808 6.960E+07 7.023E-02 6.975E+07 7.028E-02 0.004
3s4 f 3Fo4 3s3d
3D3 66656 150.0241 2.078E+09 6.334E+00 2.090E+09 6.346E+00 0.002
3s4 f 3Fo3 3s3d
3D3 66615.6 150.115 2.375E+08 5.635E-01 2.387E+08 5.644E-01 0.001
3s4 f 3Fo2 3s3d
3D3 66587.7 150.178 9.765E+06 1.656E-02 9.808E+06 1.658E-02 0.010
3p4p 1P1 3s4p 1Po1 66398 150.6067 1.150E+09 1.170E+00 1.145E+09 1.168E+00 0.002
3s4 f 3Fo3 3s3d
3D2 66614 150.1197 1.839E+09 4.370E+00 1.853E+09 4.381E+00 0.002
3s4 f 3Fo2 3s3d
3D2 66585.6 150.1827 3.286E+08 5.581E-01 3.309E+08 5.594E-01 0.002
3s4 f 3Fo2 3s3d
3D1 66584 150.1881 1.737E+09 2.954E+00 1.752E+09 2.963E+00 0.001
3s7s 1S 0 3s4p 1Po1 66050.8 151.3987 1.239E+08 4.269E-02 1.244E+08 4.275E-02 0.001
3s7s 3S 1 3s4p 1Po1 65657.91 152.3046
∗ 4.266E+04 4.463E-05 4.283E+04 4.469E-05 0.013
3s6d 1D2 3s4p 3Po1 65286.67 153.1706
∗ 2.871E+05 5.049E-04 2.871E+05 5.049E-04 0.053
3s6d 1D2 3s4p 3Po2 65213.51 153.3425
∗ 1.727E+04 3.043E-05 1.726E+04 3.043E-05 0.097
3s6d 3D1 3s4p 3Po0 65032.3 153.7698 3.204E+07 3.405E-02 3.202E+07 3.404E-02 0.015
3s6d 3D2 3s4p 3Po1 65021.2 153.796 3.915E+07 6.939E-02 3.913E+07 6.938E-02 0.011
3s6d 3D1 3s4p 3Po1 64999.2 153.8481 2.503E+07 2.663E-02 2.501E+07 2.662E-02 0.014
3s6d 3D3 3s4p 3Po2 64978.4 153.8974 4.718E+07 1.173E-01 4.717E+07 1.173E-01 0.009
3s6d 3D2 3s4p 3Po2 64948 153.9693 1.407E+07 2.500E-02 1.406E+07 2.499E-02 0.011
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s6d 3D1 3s4p 3Po2 64926 154.0215 1.739E+06 1.853E-03 1.737E+06 1.852E-03 0.013
3p3d 3Do2 3s4s
3S 1 64062.87 156.0967 ∗ 9.045E+04 1.634E-04 8.899E+04 1.625E-04 0.000
3p3d 3Do1 3s4s
3S 1 64008.72 156.2287 ∗ 7.685E+04 8.336E-05 7.549E+04 8.287E-05 0.002
3s6d 1D2 3s4p 1Po1 64062.6 156.0974 1.275E+07 2.330E-02 1.277E+07 2.331E-02 0.023
3s6d 3D2 3s4p 1Po1 63797.09 156.747
∗ 3.956E+05 7.291E-04 3.960E+05 7.294E-04 0.020
3p3d 3Do1 3p
2 1S 0 63941.54 156.3929 ∗ 1.125E+04 1.244E-05 1.134E+04 1.247E-05 0.201
3s6d 3D1 3s4p 1Po1 63775.09 156.801
∗ 2.366E+05 2.617E-04 2.367E+05 2.617E-04 0.002
3p3d 3Po0 3s4s
3S 1 62973.2 158.7977 7.689E+06 2.869E-03 7.540E+06 2.850E-03 0.009
3p3d 3Po1 3s4s
3S 1 62911.6 158.9531 7.647E+06 8.588E-03 7.514E+06 8.538E-03 0.007
3p3d 3Po2 3s4s
3S 1 62813.2 159.2022 7.822E+06 1.472E-02 7.710E+06 1.465E-02 0.008
3p4s 1Po1 3s3d
1D2 62934.8 158.8947 1.517E+08 1.731E-01 1.529E+08 1.735E-01 0.006
3p3d 3Po1 3p
2 1S 0 62844.46 159.123 ∗ 2.293E+04 2.627E-05 2.313E+04 2.635E-05 0.180
3p3d 1Do2 3s3d
3D3 62085.35 161.0686 ∗ 6.454E+04 1.248E-04 6.403E+04 1.245E-04 0.212
3p3d 1Do2 3s3d
3D2 62083.25 161.074 ∗ 2.607E+04 5.052E-05 2.593E+04 5.043E-05 0.111
3p3d 1Do2 3s3d
3D1 62080.84 161.0803 ∗ 2.495E+05 4.841E-04 2.487E+05 4.836E-04 0.017
3s4 f 1Fo3 3s3d
3D3 61884.32 161.5918 ∗ 1.761E+04 4.855E-05 1.778E+04 4.870E-05 0.218
3s5p 3Po0 3s4s
3S 1 61618.4 162.2892 1.236E+07 4.870E-03 1.233E+07 4.866E-03 0.011
3s5p 3Po1 3s4s
3S 1 61617.6 162.2913 1.169E+07 1.383E-02 1.166E+07 1.382E-02 0.010
3s5p 3Po2 3s4s
3S 1 61612.2 162.3055 1.030E+07 2.029E-02 1.027E+07 2.027E-02 0.006
3s4 f 1Fo3 3s3d
3D2 61882.22 161.5973 ∗ 7.027E+04 1.941E-04 7.113E+04 1.949E-04 0.043
3s5p 3Po1 3p
2 1S 0 61550.42 162.4684 ∗ 1.989E+04 2.400E-05 2.038E+04 2.420E-05 0.099
3p4s 3Po1 3s3d
1D2 60762.42 164.5754 ∗ 1.180E+06 1.445E-03 1.191E+06 1.449E-03 0.003
3s5p 1Po1 3p
2 1S 0 61087.9 163.6984 1.299E+07 1.593E-02 1.334E+07 1.607E-02 0.008
3s3d 3D1 3s3p 1Po1 60063.84 166.4895
∗ 1.110E+04 1.379E-05 1.104E+04 1.376E-05 0.062
3s3d 3D2 3s3p 1Po1 134555.51 74.3188
∗ 4.949E+04 1.026E-04 5.546E+05 2.296E-04 0.164
3s5 f 1Fo3 a 3s3d
1D2 59761 167.3323 6.245E+08 1.843E+00 6.286E+08 1.847E+00 0.002
3p3d 3Fo4 3s3d
3D3 56220.4 177.8715 1.033E+06 4.399E-03 1.029E+06 4.393E-03 0.239
3p3d 3Fo3 3s3d
3D3 56082.8 178.3079 1.970E+04 6.541E-05 1.956E+04 6.526E-05 0.002
3p3d 3Fo3 3s3d
3D2 56080.6 178.3146 6.986E+05 2.325E-03 6.958E+05 2.322E-03 0.237
3p3d 3Fo2 3s3d
3D2 55977.3 178.6438 3.246E+04 7.731E-05 3.225E+04 7.715E-05 0.426
3p3d 3Fo2 3s3d
3D1 55974.9 178.6515 4.814E+05 1.149E-03 4.794E+05 1.147E-03 0.269
3s5p 3Po1 3s4s
1S 0 55925.04 178.8108 ∗ 9.609E+04 1.381E-04 9.603E+04 1.381E-04 0.022
3s5p 1Po1 3s4s
1S 0 55462.6 180.3018 1.313E+08 1.921E-01 1.315E+08 1.922E-01 0.001
3s6s 1S 0 3s4p 3Po1 55101.36 181.4837
∗ 2.622E+05 1.297E-04 2.629E+05 1.298E-04 0.015
3s6s 3S 1 3s4p 3Po0 54393.2 183.8466 2.180E+07 3.322E-02 2.187E+07 3.325E-02 0.004
3s6s 3S 1 3s4p 3Po1 54360.1 183.9585 6.530E+07 9.958E-02 6.549E+07 9.968E-02 0.003
3s6s 3S 1 3s4p 3Po2 54286.9 184.2064 1.087E+08 1.662E-01 1.090E+08 1.663E-01 0.003
3s4p 1Po1 3p
2 1D2 54273 184.2548 2.935E+08 4.518E-01 2.970E+08 4.536E-01 0.007
3s6s 1S 0 3s4p 1Po1 53877.3 185.607 1.997E+08 1.034E-01 2.006E+08 1.036E-01 0.000
3s6s 3S 1 3s4p 1Po1 53136 188.1963
∗ 6.454E+04 1.031E-04 6.485E+04 1.033E-04 0.020
3s3p 3Po1 3s
2 1S 0 52853.28 189.203 ∗ 1.302E+04 2.092E-05 1.298E+04 2.090E-05 0.018
3s4p 3Po1 3p
2 1D2 53048.58 188.5065 ∗ 2.970E+05 4.792E-04 3.012E+05 4.815E-04 0.044
3s5d 1D2 3s4p 3Po1 52401.99 190.8324
∗ 7.389E+04 2.014E-04 7.370E+04 2.012E-04 0.107
3s5d 1D2 3s4p 3Po2 52328.83 191.0992
∗ 1.056E+04 2.886E-05 1.053E+04 2.883E-05 0.140
3s5d 3D1 3s4p 3Po0 51851.2 192.8596 3.726E+06 6.225E-03 3.719E+06 6.221E-03 0.041
3s5d 3D1 3s4p 3Po1 51818.1 192.9828 2.724E+06 4.557E-03 2.718E+06 4.553E-03 0.038
3s5d 3D2 3s4p 3Po1 51821.1 192.9716 4.928E+06 1.374E-02 4.921E+06 1.373E-02 0.028
3s5d 3D1 3s4p 3Po2 51744.9 193.2556 1.735E+05 2.909E-04 1.730E+05 2.906E-04 0.038
3s5d 3D2 3s4p 3Po2 51747.9 193.2444 1.568E+06 4.385E-03 1.565E+06 4.382E-03 0.028
3s5d 3D3 3s4p 3Po2 51752.5 193.2275 6.389E+06 2.502E-02 6.385E+06 2.501E-02 0.016
3p3d 3Do2 3s3d
1D2 51674.92 193.5175 ∗ 1.211E+04 3.391E-05 1.207E+04 3.387E-05 0.229
3p3d 3Do3 3s3d
1D2 51724.49 193.332 ∗ 4.863E+04 1.908E-04 4.864E+04 1.908E-04 0.035
3p3d 3Do1 3s3d
1D2 51620.77 193.7205 ∗ 2.579E+04 4.339E-05 2.566E+04 4.332E-05 0.287
3s5d 1D2 3s4p 1Po1 51177.9 195.3968 1.006E+07 2.876E-02 1.005E+07 2.875E-02 0.029
3s5d 3D2 3s4p 1Po1 50597.02 197.6401
∗ 1.563E+04 4.577E-05 1.564E+04 4.578E-05 0.151
3s7g 3G3 3p3d 3Fo2 50894.2 196.4862 4.221E+07 1.738E-01 4.325E+07 1.752E-01 0.038
3s7g 1G4 3p3d 3Fo3 50791.45 196.8835
∗ 3.495E+06 1.854E-02 3.571E+06 1.867E-02 0.070
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s7g 3G4 3p3d 3Fo3 50791.4 196.8839 3.968E+07 2.105E-01 4.054E+07 2.120E-01 0.026
3s7g 3G3 3p3d 3Fo3 50790.8 196.8859 3.730E+06 1.539E-02 3.812E+06 1.550E-02 0.019
3s7g 3G5 3p3d 3Fo4 50654.8 197.4145 4.665E+07 3.035E-01 4.752E+07 3.054E-01 0.017
3s7g 1G4 3p3d 3Fo4 50653.84 197.4184
∗ 2.722E+05 1.449E-03 2.772E+05 1.458E-03 0.018
3s7g 3G4 3p3d 3Fo4 50653.8 197.4187 2.627E+06 1.399E-02 2.676E+06 1.408E-02 0.017
3s7g 3G3 3p3d 3Fo4 50653.2 197.4208 6.008E+04 2.488E-04 6.120E+04 2.503E-04 0.006
3s7d 3D3 3p3d 3Fo2 50198 199.2112 3.995E+04 1.689E-04 4.088E+04 1.702E-04 0.266
3s7d 3D2 3p3d 3Fo2 50180.8 199.2796 1.789E+06 5.404E-03 1.829E+06 5.444E-03 0.246
3s7d 3D1 3p3d 3Fo2 50170 199.321 1.523E+07 2.762E-02 1.556E+07 2.782E-02 0.253
3s7d 3D3 3p3d 3Fo3 50094.7 199.6221 1.540E+06 6.528E-03 1.572E+06 6.572E-03 0.171
3s7d 3D2 3p3d 3Fo3 50077.4 199.6908 1.581E+07 4.788E-02 1.612E+07 4.820E-02 0.171
3s7d 3D3 3p3d 3Fo4 49957.04 200.172 1.987E+07 8.452E-02 2.021E+07 8.501E-02 0.074
3s5p 3Po1 3s3d
1D2 49229.65 203.1296 ∗ 1.308E+04 2.451E-05 1.327E+04 2.463E-05 0.535
3p4p 3P2 3p3d 3Fo3 49141.55 203.4938
∗ 1.111E+04 3.480E-05 1.126E+04 3.496E-05 0.208
3p4p 3P1 3p3d 3Fo2 49030.54 203.9545
∗ 2.580E+04 4.876E-05 2.620E+04 4.901E-05 0.197
3s7d 1D2 3p3d 3Fo3 51610.06 193.7607
∗ 9.723E+04 3.082E-04 1.162E+05 3.271E-04 0.692
3s5p 1Po1 3s3d
1D2 48767.17 205.056 1.929E+07 3.689E-02 1.962E+07 3.710E-02 0.012
3s7 f 3Fo2 3s4d
3D3 48175 207.5765 3.107E+05 1.008E-03 3.129E+05 1.010E-03 0.006
3s7 f 3Fo3 3s4d
3D3 48175.22 207.5756 7.813E+06 3.549E-02 7.868E+06 3.557E-02 0.004
3s7 f 3Fo4 3s4d
3D3 48175.5 207.5744 7.083E+07 4.137E-01 7.133E+07 4.147E-01 0.003
3s7 f 3Fo2 3s4d
3D2 48176.2 207.5714 1.090E+07 3.543E-02 1.100E+07 3.554E-02 0.007
3s7 f 3Fo3 3s4d
3D2 48176.42 207.5704 6.265E+07 2.850E-01 6.322E+07 2.859E-01 0.005
3s7 f 3Fo2 3s4d
3D1 48176.75 207.569 5.897E+07 1.918E-01 5.960E+07 1.925E-01 0.008
3p2 3P2 3s3p 1Po1 47216.11 211.7921
∗ 1.365E+04 4.601E-05 1.370E+04 4.606E-05 0.027
3p2 3P0 3s3p 1Po1 46824.04 213.5655
∗ 5.473E+04 3.746E-05 5.481E+04 3.748E-05 0.042
3s4p 1Po1 3p
2 3P2 46386.67 215.5792 ∗ 9.085E+04 1.905E-04 9.131E+04 1.908E-04 0.007
3p4p 3D3 3p3d 3Fo2 46163.43 216.6217 4.278E+05 2.128E-03 4.342E+05 2.139E-03 0.055
3p4p 3D3 3p3d 3Fo3 46060.09 217.1077 1.514E+07 7.548E-02 1.532E+07 7.578E-02 0.010
3s7 f 1Fo3 3s4d
1D2 46035.43 217.224 7.592E+07 3.787E-01 7.675E+07 3.801E-01 0.001
3p4p 3D3 3p3d 3Fo4 45922.7 217.7583 1.778E+08 8.901E-01 1.793E+08 8.926E-01 0.006
3p4p 3D2 3p3d 3Fo2 45942.9 217.6615 2.108E+07 7.563E-02 2.141E+07 7.602E-02 0.005
3p4p 3D2 3p3d 3Fo3 45839.56 218.1522 1.709E+08 6.148E-01 1.731E+08 6.174E-01 0.001
3p4p 3D1 3p3d 3Fo2 45813.78 218.2749 1.892E+08 4.095E-01 1.921E+08 4.116E-01 0.008
3s4p 3Po1 3p
2 3P0 45554.65 219.5166 ∗ 3.008E+04 6.559E-05 3.036E+04 6.579E-05 0.004
3s4p 3Po2 3p
2 3P1 45494.29 219.8078 ∗ 1.359E+04 4.951E-05 1.371E+04 4.966E-05 0.015
3s4p 3Po1 3p
2 3P1 45421.13 220.1618 ∗ 3.125E+04 6.850E-05 3.151E+04 6.869E-05 0.010
3s4p 3Po0 3p
2 3P1 45388.04 220.3224 ∗ 1.130E+05 8.270E-05 1.139E+05 8.292E-05 0.016
3s4p 3Po2 3p
2 3P2 45235.74 221.0641 ∗ 6.467E+04 2.381E-04 6.517E+04 2.387E-04 0.014
3s4p 3Po1 3p
2 3P2 45162.58 221.4222 ∗ 4.393E+04 9.735E-05 4.425E+04 9.759E-05 0.017
3s7g 1G4 3s4 f 1Fo3 44989.88 222.2722 5.717E+07 3.818E-01 5.731E+07 3.821E-01 0.014
3s7g 3G4 3s4 f 1Fo3 44989.79 222.2727
∗ 5.498E+06 3.671E-02 5.512E+06 3.674E-02 0.009
3s7g 3G3 3p3d 1Do2 44788.23 223.2729
∗ 1.771E+04 9.433E-05 1.820E+04 9.518E-05 0.307
3p4p 1P1 3p3d 3Fo2 43962.15 227.4684
∗ 1.464E+06 3.442E-03 1.487E+06 3.460E-03 0.014
3s7d 3D1 3p3d 1Do2 44064.41 226.9405
∗ 2.630E+04 6.190E-05 2.695E+04 6.240E-05 0.103
3s4 f 3Fo3 3s3d
1D2 43794.33 228.3401 ∗ 3.544E+04 1.957E-04 3.592E+04 1.966E-04 0.040
3p4p 3S 1 3p3d 1Do2 43743.77 228.604
∗ 6.231E+04 1.475E-04 6.295E+04 1.480E-04 0.048
3s7p 3Po2 3s4d
3D3 43343.83 230.7133 1.154E+07 4.626E-02 1.162E+07 4.637E-02 0.009
3s7p 3Po2 3s4d
3D2 43345.03 230.707 2.056E+06 8.256E-03 2.076E+06 8.282E-03 0.020
3s7p 3Po1 3s4d
3D2 43335.08 230.7599 1.022E+07 2.463E-02 1.032E+07 2.471E-02 0.021
3s7p 3Po2 3s4d
3D1 43345.58 230.704 1.369E+05 5.503E-04 1.385E+05 5.524E-04 0.028
3s7p 3Po1 3s4d
3D1 43335.63 230.757 3.403E+06 8.210E-03 3.441E+06 8.241E-03 0.029
3s7p 3Po0 3s4d
3D1 43330.99 230.7817 1.358E+07 1.093E-02 1.373E+07 1.097E-02 0.029
3s7d 1D2 3s4 f 1Fo3 45808.49 218.3001
∗ 5.028E+05 2.024E-03 6.016E+05 2.149E-03 0.345
3s6g 3G3 3p3d 3Fo2 43550.5 229.6184 7.003E+07 3.949E-01 7.204E+07 3.986E-01 0.014
3s6g 1G4 3p3d 3Fo3 43447.78 230.1614
∗ 1.878E+07 1.365E-01 1.926E+07 1.376E-01 0.006
3s6g 3G4 3p3d 3Fo3 43447.37 230.1635
∗ 5.297E+07 3.850E-01 5.432E+07 3.882E-01 0.015
3s6g 3G3 3p3d 3Fo3 43447.3 230.1646 6.163E+06 3.485E-02 6.321E+06 3.515E-02 0.005
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s6g 3G5 3p3d 3Fo4 43310.7 230.8898 7.712E+07 6.877E-01 7.879E+07 6.926E-01 0.009
3s6g 1G4 3p3d 3Fo4 43310.17 230.8927
∗ 1.181E+06 8.618E-03 1.206E+06 8.680E-03 0.009
3s6g 3G4 3p3d 3Fo4 43309.76 230.8948 3.626E+06 2.646E-02 3.705E+06 2.665E-02 0.009
3s6g 3G3 3p3d 3Fo4 43309.56 230.8959 9.837E+04 5.584E-04 1.005E+05 5.624E-04 0.000
3p4p 3P2 3p3d 1Do2 43138.95 231.8091
∗ 1.480E+05 6.034E-04 1.507E+05 6.070E-04 0.040
3p4p 3P1 3p3d 1Do2 42924.6 232.9666
∗ 1.452E+04 3.584E-05 1.477E+04 3.604E-05 0.182
3s7d 1D2 3p3d 1Do2 45607.46 219.2624 1.036E+07 4.281E-02 1.272E+07 4.585E-02 0.006
3s6d 1D2 3p3d 3Fo3 41523.28 240.8288
∗ 1.263E+05 5.571E-04 1.291E+05 5.612E-04 0.660
3s6d 3D3 3p3d 3Fo2 41391.48 241.5956 3.944E+04 2.457E-04 4.047E+04 2.478E-04 0.093
3s6d 3D2 3p3d 3Fo2 41361.13 241.7729 2.185E+06 9.735E-03 2.240E+06 9.816E-03 0.151
3s6d 3D1 3p3d 3Fo2 41339.13 241.9016 2.160E+07 5.778E-02 2.213E+07 5.825E-02 0.142
3s6d 3D3 3p3d 3Fo3 41288.14 242.2003 1.330E+06 8.311E-03 1.360E+06 8.374E-03 0.104
3s6d 3D2 3p3d 3Fo3 41257.79 242.3785 1.685E+07 7.529E-02 1.722E+07 7.584E-02 0.106
3s6d 3D3 3p3d 3Fo4 41150.53 243.0102 1.471E+07 9.233E-02 1.499E+07 9.291E-02 0.066
3s7p 1Po1 3s4d
1D2 40540.68 246.6658 1.815E+07 4.908E-02 1.782E+07 4.878E-02 0.012
3s6 f 3Fo2 3s4d
3D3 40811.4 245.0296 5.109E+05 2.312E-03 5.151E+05 2.318E-03 0.004
3s6 f 3Fo3 3s4d
3D3 40811.79 245.0272 1.281E+07 8.113E-02 1.291E+07 8.135E-02 0.003
3s6 f 3Fo4 3s4d
3D3 40812.22 245.0247 1.157E+08 9.420E-01 1.167E+08 9.446E-01 0.001
3s6 f 3Fo2 3s4d
3D2 40812.6 245.0224 1.791E+07 8.115E-02 1.810E+07 8.144E-02 0.004
3s6 f 3Fo3 3s4d
3D2 40812.99 245.02 1.026E+08 6.509E-01 1.037E+08 6.532E-01 0.003
3s6 f 3Fo2 3s4d
3D1 40813.15 245.0191 9.680E+07 4.392E-01 9.801E+07 4.410E-01 0.005
3s7p 3Po1 3s4d
1D2 40602.57 246.2898 ∗ 7.107E+03 1.958E-05 7.214E+03 1.968E-05 0.375
3s7g 3G3 3s4 f 3Fo2 40285.92 248.2257 1.229E+07 8.003E-02 1.242E+07 8.031E-02 0.028
3s7g 1G4 3s4 f 3Fo3 40258.61 248.3941
∗ 1.125E+06 9.424E-03 1.136E+06 9.453E-03 0.047
3s7g 3G4 3s4 f 3Fo3 40258.5 248.3946 1.138E+07 9.531E-02 1.149E+07 9.561E-02 0.023
3s7g 3G3 3s4 f 3Fo3 40257.99 248.3979 1.062E+06 6.921E-03 1.072E+06 6.943E-03 0.006
3s7g 3G5 3s4 f 3Fo4 40219.23 248.6373 1.311E+07 1.344E-01 1.322E+07 1.348E-01 0.020
3s7g 1G4 3s4 f 3Fo4 40218.24 248.6434
∗ 7.748E+04 6.498E-04 7.811E+04 6.516E-04 0.025
3s7g 3G4 3s4 f 3Fo4 40218.15 248.644 7.362E+05 6.174E-03 7.422E+05 6.191E-03 0.015
3s7g 3G3 3s4 f 3Fo4 40217.62 248.6472 1.642E+04 1.071E-04 1.656E+04 1.074E-04 0.017
3p4p 3D2 3p3d 1Do2 39836.96 251.0232
∗ 1.686E+04 8.058E-05 1.715E+04 8.105E-05 0.010
3p4p 3D1 3p3d 1Do2 39707.84 251.8394
∗ 1.549E+06 4.470E-03 1.576E+06 4.496E-03 0.009
3s7d 3D2 3s4 f 3Fo2 39572.5 252.7007
∗ 2.264E+04 1.089E-04 2.282E+04 1.092E-04 0.746
3s7d 3D1 3s4 f 3Fo2 39562.1 252.7672
∗ 2.170E+05 6.264E-04 2.185E+05 6.279E-04 0.744
3s7d 3D2 3s4 f 3Fo3 39544.57 252.8792
∗ 1.117E+05 5.377E-04 1.125E+05 5.389E-04 0.720
3s7d 3D3 3s4 f 3Fo4 39521.44 253.0272
∗ 2.927E+04 1.975E-04 2.946E+04 1.979E-04 0.831
3s6 f 1Fo3 3s4d
1D2 39537.71 252.9231 9.776E+07 6.598E-01 9.855E+07 6.616E-01 0.012
3p2 1D2 3s3p 1Po1 39330.1 254.2581 2.846E+07 1.373E-01 2.828E+07 1.370E-01 0.032
3p3d 1Do2 3s3d
1D2 39264.1 254.6856 1.472E+07 7.127E-02 1.463E+07 7.113E-02 0.031
3s4 f 1Fo3 3s3d
1D2 39062.8 255.9963 1.761E+08 1.229E+00 1.800E+08 1.238E+00 0.005
3s7p 3Po2 3s5s
3S 1 38767.23 257.9498 ∗ 1.090E+06 5.438E-03 1.091E+06 5.440E-03 0.082
3s7p 3Po1 3s5s
3S 1 38757.28 258.016 ∗ 1.136E+06 3.403E-03 1.137E+06 3.404E-03 0.083
3s7p 3Po0 3s5s
3S 1 38752.64 258.0469 ∗ 1.155E+06 1.153E-03 1.156E+06 1.153E-03 0.084
3s7d 1D2 3s4 f 3Fo3 41077.22 243.4439
∗ 1.738E+04 8.868E-05 2.139E+04 9.503E-05 0.595
3s6 f 3Fo3 3s4d
1D2 38080.48 262.6017 ∗ 1.131E+04 8.279E-05 1.150E+04 8.325E-05 0.125
3p4p 1P1 3p3d 1Do2 37856.2 264.1575 1.833E+08 5.820E-01 1.866E+08 5.854E-01 0.010
3s6g 1G4 3s4 f 1Fo3 37646.3 265.631 9.821E+07 9.368E-01 9.849E+07 9.377E-01 0.003
3s6g 3G4 3s4 f 1Fo3 37645.8 265.6339
∗ 3.377E+07 3.222E-01 3.387E+07 3.225E-01 0.007
3s7p 1Po1 3s5s
1S 0 36997.38 270.2894 ∗ 2.078E+06 6.674E-03 2.008E+06 6.598E-03 0.052
3s6g 3G3 3p3d 1Do2 37444.57 267.0614
∗ 3.808E+04 2.912E-04 3.934E+04 2.944E-04 0.206
3s7s 3S 1 3p3d 1Do2 37116.01 269.4255
∗ 2.884E+04 9.620E-05 2.979E+04 9.725E-05 0.011
3s6d 1D2 3s4 f 1Fo3 35721.71 279.9418 5.651E+05 3.316E-03 5.641E+05 3.314E-03 0.286
3p4p 3D3 3s4 f 3Fo2 35555.18 281.253 6.238E+04 5.166E-04 6.217E+04 5.160E-04 0.056
3p4p 3D3 3s4 f 3Fo3 35527.25 281.4741 2.320E+06 1.923E-02 2.310E+06 1.920E-02 0.009
3p4p 3D3 3s4 f 3Fo4 35486.9 281.7943 2.873E+07 2.384E-01 2.856E+07 2.379E-01 0.007
3s6d 3D2 3s4 f 1Fo3 35456.22 282.038
∗ 1.430E+04 8.513E-05 1.427E+04 8.507E-05 0.754
3p4p 3D2 3s4 f 3Fo2 35334.65 283.0083 3.103E+06 1.859E-02 3.094E+06 1.857E-02 0.001
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3p4p 3D2 3s4 f 3Fo3 35306.7 283.2322 2.618E+07 1.570E-01 2.608E+07 1.568E-01 0.004
3p4p 3D1 3s4 f 3Fo2 35205.6 284.0463 2.824E+07 1.023E-01 2.815E+07 1.022E-01 0.004
3s6d 1D2 3p3d 1Do2 35520.68 281.5261 1.033E+06 6.255E-03 1.063E+06 6.316E-03 0.009
3s6d 3D2 3p3d 1Do2 35255.19 283.6462
∗ 1.296E+04 7.967E-05 1.334E+04 8.043E-05 0.012
3s6d 3D1 3p3d 1Do2 35233.19 283.8233
∗ 6.515E+04 2.404E-04 6.698E+04 2.426E-04 0.011
3p4p 3S 1 3s5p 1Po1 34240.69 292.0502
∗ 3.747E+04 1.420E-04 3.680E+04 1.411E-04 0.016
3s7d 3D3 3s5p 3Po2 34131.87 292.9813 5.460E+06 4.935E-02 5.487E+06 4.943E-02 0.025
3s7d 3D2 3s5p 3Po2 34114.63 293.1294 1.400E+06 9.041E-03 1.406E+06 9.053E-03 0.037
3s7d 3D1 3s5p 3Po2 34104.2 293.219 1.158E+05 4.486E-04 1.162E+05 4.491E-04 0.057
3s7d 3D2 3s5p 3Po1 34109.25 293.1756 4.055E+06 2.619E-02 4.070E+06 2.622E-02 0.037
3s7d 3D1 3s5p 3Po1 34098.9 293.265 2.413E+06 9.351E-03 2.420E+06 9.361E-03 0.046
3s7d 3D1 3s5p 3Po0 34098 293.272 2.946E+06 1.142E-02 2.956E+06 1.143E-02 0.049
3p4p 3S 1 3s5p 3Po2 33783.6 296.0017 2.159E+07 8.423E-02 2.127E+07 8.381E-02 0.012
3p4p 3S 1 3s5p 3Po1 33778.21 296.0488 1.265E+07 4.935E-02 1.246E+07 4.910E-02 0.008
3p4p 3S 1 3s5p 3Po0 33777.4 296.0559 4.284E+06 1.672E-02 4.220E+06 1.664E-02 0.009
3p4p 3P2 3s5p 1Po1 33635.87 297.3017
∗ 1.872E+05 1.233E-03 1.856E+05 1.229E-03 0.047
3p4p 3P0 3s5p 1Po1 33339.49 299.9446
∗ 6.871E+04 9.201E-05 6.797E+04 9.168E-05 0.006
3s7d 1D2 3s5p 1Po1 36104.38 276.9747 6.043E+06 4.051E-02 7.605E+06 4.374E-02 0.049
3p4p 1P1 3s4 f 3Fo2 33353.9 299.815
∗ 2.341E+04 9.440E-05 2.333E+04 9.429E-05 0.037
3s4p 1Po1 3s3d
3D2 33541.4 298.1395 1.435E+05 5.806E-04 1.461E+05 5.841E-04 0.092
3s4p 1Po1 3s3d
3D1 33538.94 298.1609 5.324E+04 2.160E-04 5.442E+04 2.176E-04 0.005
3p3d 3Fo2 3s3d
1D2 33158.15 301.585 ∗ 1.104E+03 7.489E-06 1.095E+03 7.469E-06 0.148
3p4p 3P2 3s5p 3Po2 33178.9 301.3976 3.232E+06 2.193E-02 3.214E+06 2.189E-02 0.003
3p4p 3P2 3s5p 3Po1 33173.39 301.4464 8.487E+05 5.759E-03 8.439E+05 5.748E-03 0.011
3p4p 3P1 3s5p 3Po2 32964.42 303.3574 6.014E+06 2.478E-02 5.972E+06 2.472E-02 0.006
3p4p 3P1 3s5p 3Po1 32959.04 303.4069 7.388E+04 3.044E-04 7.336E+04 3.037E-04 0.058
3p4p 3P1 3s5p 3Po0 32958.23 303.4144 4.199E+05 1.730E-03 4.170E+05 1.726E-03 0.014
3p4p 3P0 3s5p 3Po1 32877.01 304.1639 4.173E+06 5.758E-03 4.141E+06 5.743E-03 0.014
3s7d 1D2 3s5p 3Po2 35647.28 280.5263
∗ 1.045E+05 7.215E-04 1.324E+05 7.806E-04 0.012
3s7d 1D2 3s5p 3Po1 35641.9 280.5687
∗ 1.147E+04 7.920E-05 1.453E+04 8.569E-05 0.106
3s6g 3G3 3s4 f 3Fo2 32942.3 303.5614 4.131E+07 4.029E-01 4.184E+07 4.046E-01 0.007
3s6g 1G4 3s4 f 3Fo3 32914.94 303.8134
∗ 1.066E+07 1.338E-01 1.078E+07 1.343E-01 0.004
3s6g 3G4 3s4 f 3Fo3 32914.53 303.8172
∗ 3.138E+07 3.937E-01 3.174E+07 3.952E-01 0.007
3s6g 3G3 3s4 f 3Fo3 32914.5 303.819 3.589E+06 3.504E-02 3.631E+06 3.518E-02 0.003
3s6g 3G5 3s4 f 3Fo4 32875.1 304.1815 4.436E+07 6.813E-01 4.480E+07 6.835E-01 0.006
3s6g 1G4 3s4 f 3Fo4 32874.57 304.1865
∗ 6.778E+05 8.518E-03 6.844E+05 8.546E-03 0.000
3s6g 3G4 3s4 f 3Fo4 32874.16 304.1903 2.088E+06 2.624E-02 2.109E+06 2.633E-02 0.004
3s6g 3G3 3s4 f 3Fo4 32873.96 304.1921 5.625E+04 5.499E-04 5.682E+04 5.518E-04 0.013
3s6p 3Po2 3s4d
3D3 32842.7 304.4817 2.173E+07 1.519E-01 2.192E+07 1.523E-01 0.006
3s6p 3Po2 3s4d
3D2 32843.9 304.4705 3.868E+06 2.709E-02 3.914E+06 2.720E-02 0.014
3s6p 3Po1 3s4d
3D2 32830.3 304.5983 1.920E+07 8.078E-02 1.943E+07 8.111E-02 0.015
3s6p 3Po2 3s4d
3D1 32844.45 304.4654 2.573E+05 1.805E-03 2.610E+05 1.814E-03 0.020
3s6p 3Po1 3s4d
3D1 32830.67 304.5932 6.384E+06 2.689E-02 6.476E+06 2.702E-02 0.020
3s6p 3Po0 3s4d
3D1 32817.34 304.717 2.549E+07 3.580E-02 2.584E+07 3.596E-02 0.020
3s7d 3D3 3p3d 3Po2 32930.9 303.6662
∗ 9.405E+04 9.273E-04 9.673E+04 9.360E-04 0.117
3s7d 3D2 3p3d 3Po2 32913.66 303.8252
∗ 2.302E+04 1.622E-04 2.365E+04 1.637E-04 0.107
3s7d 3D1 3p3d 3Po2 32903.26 303.9213
∗ 1.629E+04 6.885E-05 1.672E+04 6.946E-05 0.047
3s5s 1S 0 3s4p 3Po1 32610.99 306.6451
∗ 4.867E+05 6.874E-04 4.881E+05 6.881E-04 0.011
3p4p 3S 1 3p3d 3Po2 32582.5 306.9121 4.783E+07 2.036E-01 4.819E+07 2.041E-01 0.013
3s7d 3D2 3p3d 3Po1 32815.21 304.7367
∗ 7.326E+04 5.213E-04 7.573E+04 5.271E-04 0.128
3s7d 3D1 3p3d 3Po1 32804.81 304.8333
∗ 2.630E+04 1.123E-04 2.716E+04 1.135E-04 0.216
3s7d 3D1 3p3d 3Po0 32743.24 305.4066
∗ 8.346E+04 3.587E-04 8.654E+04 3.631E-04 0.152
3p4p 3S 1 3p3d 3Po1 32484.17 307.8423 4.375E+07 1.882E-01 4.435E+07 1.891E-01 0.015
3p4p 3S 1 3p3d 3Po0 32422.6 308.4268 1.797E+07 7.777E-02 1.829E+07 7.822E-02 0.017
3s4p 3Po2 3s3d
3D3 32392.5 308.7132 1.444E+08 1.044E+00 1.469E+08 1.050E+00 0.004
3s4p 3Po2 3s3d
3D2 32390.2 308.7333 2.576E+07 1.868E-01 2.634E+07 1.882E-01 0.008
3s4p 3Po2 3s3d
3D1 32388.01 308.7562 1.715E+06 1.247E-02 1.761E+06 1.258E-02 0.011
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s4p 3Po1 3s3d
3D2 32317.3 309.4322 1.282E+08 5.601E-01 1.310E+08 5.642E-01 0.008
3s4p 3Po1 3s3d
3D1 32314.9 309.4553 4.267E+07 1.870E-01 4.378E+07 1.886E-01 0.011
3s4p 3Po0 3s3d
3D1 32281.7 309.7725 1.706E+08 2.496E-01 1.750E+08 2.517E-01 0.011
3p4p 3P2 3p3d 3Po2 31977.7 312.7169 3.366E+07 2.497E-01 3.426E+07 2.512E-01 0.007
3p4p 3P2 3p3d 3Po1 31879.35 313.6827 1.303E+07 9.764E-02 1.335E+07 9.843E-02 0.010
3p4p 3P1 3p3d 3Po2 31763.4 314.8273 4.848E+07 2.185E-01 4.928E+07 2.197E-01 0.005
3s7d 1D2 3p3d 3Po2 34446.31 290.3069
∗ 1.116E+06 8.436E-03 1.460E+06 9.227E-03 0.006
3s6p 1Po1 3s4d
1D2 30056.85 332.7029 4.689E+07 2.127E-01 4.077E+07 2.030E-01 0.010
3p4p 3P1 3p3d 3Po1 31665 315.8061 5.152E+06 2.346E-02 5.270E+06 2.364E-02 0.013
3p4p 3P0 3p3d 3Po1 31582.97 316.6263 7.654E+07 1.167E-01 7.825E+07 1.176E-01 0.011
3s7d 3D2 3p3d 3Do1 31718.13 315.2771
∗ 3.583E+05 2.733E-03 3.713E+05 2.766E-03 0.009
3s7d 3D1 3p3d 3Do1 31707.73 315.3805
∗ 1.815E+06 8.310E-03 1.879E+06 8.407E-03 0.040
3s7d 3D3 3p3d 3Do3 31631.65 316.1391
∗ 2.069E+06 2.211E-02 2.128E+06 2.232E-02 0.025
3s7d 1D2 3p3d 3Po1 34347.86 291.139
∗ 4.764E+05 3.638E-03 6.276E+05 3.988E-03 0.019
3s7d 3D2 3p3d 3Do3 31614.41 316.3115
∗ 5.370E+04 4.100E-04 5.517E+04 4.137E-04 0.083
3s7d 3D3 3p3d 3Do2 31681.22 315.6444
∗ 2.431E+05 2.599E-03 2.513E+05 2.628E-03 0.005
3s7d 3D2 3p3d 3Do2 31663.98 315.8163
∗ 1.873E+06 1.431E-02 1.934E+06 1.446E-02 0.025
3s5s 1S 0 3s4p 1Po1 31386.8 318.6043 4.133E+08 6.314E-01 4.158E+08 6.327E-01 0.000
3p4p 3P1 3p3d 3Po0 31603.43 316.4214 1.507E+07 6.910E-02 1.548E+07 6.972E-02 0.012
3s7d 3D1 3p3d 3Do2 31653.58 315.92
∗ 2.346E+05 1.075E-03 2.421E+05 1.086E-03 0.067
3p4p 3S 1 3p3d 3Do1 31387.09 318.6023
∗ 2.383E+06 1.099E-02 2.420E+06 1.105E-02 0.021
3p4p 3S 1 3p3d 3Do2 31332.94 319.1529
∗ 5.343E+06 2.467E-02 5.407E+06 2.477E-02 0.018
3s5 f 1Fo3 b 3s4d
1D2 31083.1 321.7178 2.203E+07 2.383E-01 2.189E+07 2.378E-01 0.047
3s5g 3G3 3p3d 3Fo2 31378 318.6939 1.305E+08 1.427E+00 1.357E+08 1.446E+00 0.005
3s6d 1D2 3s4 f 3Fo2 31018.37 322.3896
∗ 1.643E+04 1.286E-04 1.656E+04 1.289E-04 0.056
3s6d 1D2 3s4 f 3Fo3 30990.44 322.6802
∗ 1.105E+05 8.659E-04 1.112E+05 8.678E-04 0.280
3s5g 1G4 3p3d 3Fo3 31275.52 319.7389
∗ 3.891E+07 5.493E-01 4.029E+07 5.557E-01 0.007
3s5g 3G4 3p3d 3Fo3 31275.2 319.7425 9.517E+07 1.344E+00 9.855E+07 1.360E+00 0.005
3s5g 3G3 3p3d 3Fo3 31274.73 319.747 1.150E+07 1.263E-01 1.191E+07 1.278E-01 0.001
3s5s 3S 1 3s4p 3Po0 30946 323.1428 4.926E+07 2.321E-01 4.949E+07 2.325E-01 0.002
3s5s 3S 1 3s4p 3Po1 30913 323.4887 1.476E+08 6.964E-01 1.482E+08 6.974E-01 0.002
3s5g 1G4 3p3d 3Fo4 31137.91 321.1519
∗ 2.757E+06 3.913E-02 2.840E+06 3.952E-02 0.004
3s5g 3G5 3p3d 3Fo4 31138.3 321.1484 1.444E+08 2.506E+00 1.488E+08 2.531E+00 0.004
3s5g 3G4 3p3d 3Fo4 31137.56 321.1555 6.263E+06 8.891E-02 6.453E+06 8.980E-02 0.004
3s5g 3G3 3p3d 3Fo4 31137.12 321.1601 1.843E+05 2.035E-03 1.899E+05 2.055E-03 0.000
3s5s 3S 1 3s4p 3Po2 30839.9 324.2561 2.461E+08 1.166E+00 2.469E+08 1.167E+00 0.002
3s6d 3D3 3s4 f 3Fo2 30783.23 324.8522 4.283E+04 4.769E-04 4.318E+04 4.782E-04 0.028
3s6d 3D3 3s4 f 3Fo3 30755.3 325.1472 1.502E+06 1.674E-02 1.512E+06 1.678E-02 0.040
3s6d 3D2 3s4 f 3Fo2 30752.88 325.1728 2.184E+06 1.739E-02 2.200E+06 1.743E-02 0.059
3s6d 3D1 3s4 f 3Fo2 30730.88 325.4056 2.052E+07 9.813E-02 2.064E+07 9.833E-02 0.057
3s6d 3D2 3s4 f 3Fo3 30725 325.4684 1.762E+07 1.404E-01 1.772E+07 1.407E-01 0.045
3s6d 3D3 3s4 f 3Fo4 30715 325.5746 1.753E+07 1.958E-01 1.763E+07 1.962E-01 0.034
3p4p 3P2 3p3d 3Do1 30782.27 324.8623 2.241E+06 1.804E-02 2.300E+06 1.820E-02 0.014
3p4p 3P2 3p3d 3Do3 30678.6 325.9606 9.483E+07 7.640E-01 9.649E+07 7.684E-01 0.005
3p4p 3P2 3p3d 3Do2 30728.2 325.4348 2.438E+07 1.965E-01 2.494E+07 1.980E-01 0.011
3p4p 3D1 3s5p 1Po1 30204.76 331.0736
∗ 1.145E+05 5.596E-04 1.130E+05 5.572E-04 0.032
3p4p 3P1 3p3d 3Do1 30567.9 327.1403 3.225E+07 1.578E-01 3.306E+07 1.591E-01 0.013
3p4p 3P1 3p3d 3Do2 30513.8 327.7209 7.075E+07 3.467E-01 7.229E+07 3.492E-01 0.009
3p4p 3P0 3p3d 3Do1 30485.9 328.0206 9.765E+07 1.601E-01 1.001E+08 1.614E-01 0.012
3s7d 1D2 3p3d 3Do1 33250.78 300.7448
∗ 9.177E+04 7.532E-04 1.222E+05 8.287E-04 0.001
3s7d 1D2 3p3d 3Do3 33147.06 301.6859
∗ 3.360E+06 2.760E-02 4.439E+06 3.028E-02 0.013
3s7d 1D2 3p3d 3Do2 33196.63 301.2354
∗ 9.938E+05 8.167E-03 1.320E+06 8.977E-03 0.016
3p4p 3D3 3s5p 3Po2 30097.31 332.2556 4.360E+06 5.018E-02 4.318E+06 5.002E-02 0.014
3p4p 3D2 3s5p 3Po2 29876.78 334.7081 8.882E+05 7.413E-03 8.802E+05 7.391E-03 0.003
3p4p 3D2 3s5p 3Po1 29871.4 334.7684 3.787E+06 3.162E-02 3.752E+06 3.152E-02 0.002
3p4p 3D1 3s5p 3Po2 29747.66 336.1609 7.262E+04 3.668E-04 7.194E+04 3.657E-04 0.015
3p4p 3D1 3s5p 3Po1 29742.28 336.2217 1.954E+06 9.869E-03 1.935E+06 9.838E-03 0.012
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3p4p 3D1 3s5p 3Po0 29741.47 336.2309 2.887E+06 1.459E-02 2.860E+06 1.454E-02 0.012
3s5s 3S 1 3s4p 1Po1 29688.89 336.8263
∗ 1.657E+05 8.497E-04 1.670E+05 8.518E-04 0.012
3s4d 1D2 3s4p 3Po1 29067.69 344.0246 7.212E+05 6.333E-03 7.103E+05 6.301E-03 0.032
3s4d 1D2 3s4p 3Po2 28994.53 344.8926 1.634E+04 1.441E-04 1.608E+04 1.433E-04 0.106
3p4p 3D3 3p3d 3Po2 28896.34 346.0646 6.098E+05 7.745E-03 6.196E+05 7.786E-03 0.043
3s5 f 3Fo4 3s4d
3D3 28671.18 348.7823 1.767E+08 2.921E+00 1.787E+08 2.932E+00 0.000
3s5 f 3Fo2 3s4d
3D3 28668.2 348.818 7.845E+05 7.206E-03 7.930E+05 7.232E-03 0.003
3s5 f 3Fo3 3s4d
3D3 28669.14 348.8071 1.962E+07 2.523E-01 1.983E+07 2.532E-01 0.001
3s5 f 3Fo2 3s4d
3D2 28669.4 348.804 2.751E+07 2.533E-01 2.790E+07 2.545E-01 0.001
3s5 f 3Fo3 3s4d
3D2 28670.5 348.7925 1.573E+08 2.027E+00 1.596E+08 2.037E+00 0.001
3p4p 3D2 3p3d 3Po2 28675.81 348.726 1.060E+06 9.772E-03 1.078E+06 9.827E-03 0.012
3s5 f 3Fo2 3s4d
3D1 28670 348.797 1.488E+08 1.372E+00 1.513E+08 1.380E+00 0.002
3p4p 1P1 3s5p 1Po1 28353.1 352.6947 2.563E+07 1.421E-01 2.527E+07 1.414E-01 0.015
3p4p 3D1 3p3d 3Po2 28546.69 350.3033 2.735E+05 1.526E-03 2.781E+05 1.534E-03 0.020
3p4p 3D2 3p3d 3Po1 28577.36 349.9274 2.100E+05 1.958E-03 2.150E+05 1.974E-03 0.064
3s6p 3Po2 3s5s
3S 1 28266.1 353.7807 1.585E+05 1.488E-03 1.586E+05 1.488E-03 0.077
3s6p 3Po1 3s5s
3S 1 28252.32 353.9532 1.829E+05 1.031E-03 1.830E+05 1.031E-03 0.082
3s6p 3Po0 3s5s
3S 1 28238.99 354.1203 1.932E+05 3.632E-04 1.932E+05 3.632E-04 0.084
3p4p 3D1 3p3d 3Po1 28448.24 351.5156 9.194E+05 5.190E-03 9.413E+05 5.231E-03 0.044
3s6p 1Po1 3s5s
1S 0 26513.55 377.1656 6.154E+05 3.498E-03 5.154E+05 3.297E-03 0.017
3p4p 3D1 3p3d 3Po0 28386.67 352.278 2.460E+05 1.399E-03 2.530E+05 1.412E-03 0.102
3p4p 1P1 3s5p 3Po2 27896.03 358.4739
∗ 3.935E+04 2.258E-04 3.894E+04 2.250E-04 0.054
3p4p 1P1 3s5p 3Po1 27890.65 358.5431
∗ 1.190E+04 6.835E-05 1.177E+04 6.811E-05 0.067
3p4p 1P1 3s5p 3Po0 27889.84 358.5535
∗ 7.360E+04 4.227E-04 7.284E+04 4.212E-04 0.007
3s7s 1S 0 3s5p 1Po1 28005.8 357.0691 5.759E+07 1.104E-01 5.787E+07 1.106E-01 0.002
3s4d 1D2 3s4p 1Po1 27843.6 359.149 3.211E+08 3.079E+00 3.171E+08 3.066E+00 0.005
3s5d 3D1 3p3d 3Fo2 28158.04 355.1384 5.275E+05 3.060E-03 5.454E+05 3.094E-03 0.489
3s5d 3D2 3p3d 3Fo2 28161.06 355.1003 5.458E+04 5.281E-04 5.654E+04 5.343E-04 0.507
3s5d 3D2 3p3d 3Fo3 28057.72 356.4081 3.750E+05 3.644E-03 3.867E+05 3.681E-03 0.400
3s5d 3D3 3p3d 3Fo3 28062.23 356.3509 3.026E+04 4.121E-04 3.127E+04 4.166E-04 0.373
3s5d 3D3 3p3d 3Fo4 27924.62 358.1069 2.816E+05 3.859E-03 2.894E+05 3.894E-03 0.275
3s7s 3S 1 3s5p 1Po1 27612.93 362.1492
∗ 3.184E+04 1.884E-04 3.199E+04 1.887E-04 0.006
3s7s 1S 0 3s5p 3Po1 27543.3 363.0647
∗ 4.518E+04 8.980E-05 4.558E+04 9.006E-05 0.009
3p4p 3D3 3p3d 3Do3 27597.1 362.357 1.280E+07 1.782E-01 1.300E+07 1.791E-01 0.021
3p4p 3D3 3p3d 3Do2 27646.66 361.7073 1.729E+06 2.408E-02 1.766E+06 2.425E-02 0.004
3p4p 3D2 3p3d 3Do1 27480.28 363.8973 2.105E+06 2.127E-02 2.161E+06 2.146E-02 0.012
3p4p 3D2 3p3d 3Do3 27376.56 365.276 2.617E+06 2.646E-02 2.660E+06 2.660E-02 0.005
3p4p 3D2 3p3d 3Do2 27426.1 364.6158 8.768E+06 8.869E-02 8.967E+06 8.935E-02 0.016
3p4p 3D1 3p3d 3Do1 27351.16 365.6152 9.247E+06 5.657E-02 9.491E+06 5.706E-02 0.028
3p4p 3D1 3p3d 3Do2 27297.01 366.3405 3.624E+06 2.220E-02 3.705E+06 2.236E-02 0.019
3p3d 1Po1 3s5s
1S 0 28077 356.1634 1.499E+05 9.184E-04 1.668E+05 9.517E-04 0.040
3s7s 3S 1 3s5p 3Po2 27155.8 368.2451 2.632E+07 1.615E-01 2.655E+07 1.620E-01 0.006
3s7s 3S 1 3s5p 3Po1 27150.3 368.318 1.667E+07 1.023E-01 1.682E+07 1.026E-01 0.007
3s7s 3S 1 3s5p 3Po0 27149.64 368.329 5.684E+06 3.489E-02 5.735E+06 3.499E-02 0.008
3s4d 3D1 3s4p 3Po0 26367.9 379.2516 1.768E+08 1.135E+00 1.747E+08 1.131E+00 0.004
3s4d 3D1 3s4p 3Po1 26334.63 379.7281 1.322E+08 8.500E-01 1.306E+08 8.465E-01 0.004
3s4d 3D2 3s4p 3Po1 26335.3 379.7202 2.372E+08 2.547E+00 2.350E+08 2.539E+00 0.003
3s4d 3D1 3s4p 3Po2 26261.47 380.786 8.775E+06 5.672E-02 8.659E+06 5.647E-02 0.004
3p4p 1P1 3p3d 3Po1 26596.61 375.9878
∗ 1.734E+04 1.121E-04 1.777E+04 1.130E-04 0.032
3s4d 3D2 3s4p 3Po2 26262.02 380.778 7.882E+07 8.507E-01 7.800E+07 8.477E-01 0.003
3s4d 3D3 3s4p 3Po2 26263.1 380.7606 3.146E+08 4.765E+00 3.125E+08 4.755E+00 0.001
3s6d 1D2 3s5p 1Po1 26017.6 384.3552 1.911E+07 2.114E-01 1.908E+07 2.113E-01 0.016
3s6d 3D2 3s5p 1Po1 25752.11 388.3177
∗ 7.956E+04 8.978E-04 7.937E+04 8.971E-04 0.028
3s5 f 3Fo3 3s4d
1D2 25937.83 385.5373 ∗ 1.557E+04 2.466E-04 1.594E+04 2.485E-04 0.050
3s7s 3S 1 3p3d 3Po2 25954.86 385.2843 7.529E+06 5.157E-02 7.824E+06 5.223E-02 0.009
3s6d 1D2 3s5p 3Po2 25560.5 391.2287
∗ 1.665E+04 1.913E-04 1.669E+04 1.915E-04 0.082
3s6d 1D2 3s5p 3Po1 25555.12 391.311
∗ 1.446E+04 1.662E-04 1.450E+04 1.663E-04 0.167
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s7s 3S 1 3p3d 3Po1 25856.41 386.7513 3.635E+06 2.522E-02 3.807E+06 2.561E-02 0.009
3s5g 1G4 3s4 f 1Fo3 25473.9 392.5579 2.508E+08 5.229E+00 2.519E+08 5.236E+00 0.002
3s5g 3G4 3s4 f 1Fo3 25473.6 392.5633
∗ 1.049E+08 2.188E+00 1.054E+08 2.191E+00 0.001
3s7s 3S 1 3p3d 3Po0 25794.84 387.6744 1.078E+06 7.541E-03 1.135E+06 7.671E-03 0.010
3s6d 3D3 3s5p 3Po2 25325.4 394.8611 6.842E+06 1.122E-01 6.864E+06 1.123E-01 0.019
3s6d 3D2 3s5p 3Po2 25295.01 395.3349 1.738E+06 2.038E-02 1.741E+06 2.039E-02 0.022
3s6d 3D2 3s5p 3Po1 25289.63 395.419 5.165E+06 6.060E-02 5.174E+06 6.064E-02 0.022
3s6d 3D1 3s5p 3Po2 25273.01 395.679 1.967E+05 1.385E-03 1.968E+05 1.385E-03 0.028
3p4p 1P1 3p3d 3Do1 25499.53 392.1641
∗ 8.208E+04 5.782E-04 8.437E+04 5.835E-04 0.034
3s6d 3D1 3s5p 3Po1 25267.63 395.7633 2.917E+06 2.055E-02 2.918E+06 2.055E-02 0.027
3s6d 3D1 3s5p 3Po0 25266.82 395.776 3.845E+06 2.710E-02 3.848E+06 2.711E-02 0.028
3p4s 3Po2 3s4d
3D3 25220.9 396.4981 3.258E+06 3.831E-02 3.247E+06 3.827E-02 0.010
3p4p 1P1 3p3d 3Do2 25445.38 392.9987
∗ 1.070E+04 7.548E-05 1.095E+04 7.607E-05 0.278
3p4s 3Po2 3s4d
3D2 25222 396.4793 5.848E+05 6.894E-03 5.851E+05 6.895E-03 0.009
3p4s 3Po2 3s4d
3D1 25222.55 396.4706 3.902E+04 4.609E-04 3.916E+04 4.615E-04 0.006
3s4d 3D1 3s4p 1Po1 25110.7 398.2391 1.398E+05 9.914E-04 1.385E+05 9.884E-04 0.002
3s4d 3D2 3s4p 1Po1 25111.09 398.2304 4.846E+05 5.737E-03 4.816E+05 5.725E-03 0.029
3p4s 3Po1 3s4d
3D2 24929.14 401.137 3.005E+06 2.175E-02 3.005E+06 2.175E-02 0.010
3p4s 3Po1 3s4d
3D1 24929.69 401.1281 9.994E+05 7.246E-03 1.002E+06 7.253E-03 0.008
3s5g 3G3 3p3d 1Do2 25272.13 395.6928
∗ 1.069E+05 1.814E-03 1.121E+05 1.843E-03 0.093
3p4s 3Po0 3s4d
3D1 24802.27 403.1889 4.065E+06 9.917E-03 4.073E+06 9.923E-03 0.009
3s7s 3S 1 3p3d 3Do1 24759.33 403.8882
∗ 1.583E+04 1.201E-04 1.664E+04 1.221E-04 0.014
3s7s 3S 1 3p3d 3Do2 24705.18 404.7734
∗ 3.473E+04 2.639E-04 3.636E+04 2.680E-04 0.016
3p4s 1Po1 3s4d
1D2 24369 410.3581 2.487E+07 1.890E-01 2.501E+07 1.893E-01 0.001
3s7g 1G4 3s5 f 1Fo3 a 24291.5 411.6648 3.473E+07 8.067E-01 3.556E+07 8.130E-01 0.030
3s7g 3G4 3s5 f 1Fo3 a 24291.52 411.6663
∗ 3.577E+06 8.308E-02 3.662E+06 8.373E-02 0.011
3s5 f 1Fo3 a 3s4d
3D2 23928.05 417.9196 ∗ 2.101E+04 3.834E-04 2.088E+04 3.826E-04 0.434
3s6d 3D3 3p3d 3Po2 24124.39 414.5183 2.947E+05 5.439E-03 3.051E+05 5.502E-03 0.023
3s6d 3D2 3p3d 3Po2 24094.04 415.0404 1.554E+04 2.052E-04 1.607E+04 2.075E-04 0.042
3s6d 3D2 3p3d 3Po1 23995.59 416.7432 1.421E+05 1.902E-03 1.482E+05 1.929E-03 0.037
3s6d 3D1 3p3d 3Po1 23973.59 417.1257 1.739E+04 1.398E-04 1.811E+04 1.417E-04 0.056
3s6d 3D1 3p3d 3Po0 23912.02 418.1997 5.906E+04 4.789E-04 6.183E+04 4.863E-04 0.044
3s7d 3D2 3s5 f 1Fo3 a 23577.57 424.1319
∗ 2.011E+04 2.747E-04 2.051E+04 2.765E-04 0.742
3s7 f 1Fo3 3s5d
3D2 23282.01 429.5162 ∗ 2.073E+04 4.028E-04 2.084E+04 4.035E-04 0.285
3s4p 1Po1 3s4s
3S 1 23110.14 432.7105 1.657E+05 1.388E-03 1.644E+05 1.384E-03 0.012
3s5d 1D2 3s4 f 1Fo3 22837 437.8853 4.162E+06 5.949E-02 4.128E+06 5.933E-02 0.074
3s7 f 1Fo3 3s5d
1D2 22701.13 440.5067 2.516E+07 5.153E-01 2.537E+07 5.167E-01 0.031
3s7 f 3Fo2 3s5d
3D3 22685.76 440.8052 1.360E+05 1.992E-03 1.372E+05 1.998E-03 0.001
3s7 f 3Fo3 3s5d
3D3 22685.98 440.8009 3.411E+06 6.994E-02 3.440E+06 7.014E-02 0.002
3s7 f 3Fo4 3s5d
3D3 22686.2 440.7954 3.082E+07 8.126E-01 3.109E+07 8.150E-01 0.005
3s7 f 3Fo2 3s5d
3D2 22690.5 440.7175 4.780E+06 7.012E-02 4.834E+06 7.039E-02 0.004
3s7 f 3Fo3 3s5d
3D2 22690.49 440.7133 ∗ 2.741E+07 5.628E-01 2.772E+07 5.649E-01 0.002
3p4p 3P2 3s5 f 1Fo3 a 22641.71 441.6628
∗ 2.766E+04 4.061E-04 2.784E+04 4.070E-04 0.561
3s7 f 3Fo2 3s5d
3D1 22693.29 440.6589 2.590E+07 3.804E-01 2.625E+07 3.821E-01 0.005
3s7d 3D1 3p4s 3Po0 22693.5 440.655 3.076E+06 2.712E-02 3.120E+06 2.725E-02 0.016
3s6d 3D3 3p3d 3Do3 22825.14 438.1134 7.212E+05 1.487E-02 7.469E+05 1.504E-02 0.013
3s6d 3D2 3p3d 3Do1 22898.51 436.7096 1.339E+05 1.973E-03 1.401E+05 2.003E-03 0.019
3s6d 3D3 3p3d 3Do2 22874.71 437.164 9.233E+04 1.905E-03 9.634E+04 1.932E-03 0.017
3s4p 1Po1 3p
2 1S 0 23043 433.972 2.703E+06 2.391E-02 2.884E+06 2.443E-02 0.012
3s6d 3D1 3p3d 3Do1 22876.51 437.1296 7.028E+05 6.220E-03 7.346E+05 6.312E-03 0.006
3s6d 3D2 3p3d 3Do3 22794.79 438.6967 1.323E+05 1.952E-03 1.368E+05 1.974E-03 0.029
3s6d 3D2 3p3d 3Do2 22844.36 437.7448 5.998E+05 8.854E-03 6.249E+05 8.976E-03 0.003
3s6d 3D1 3p3d 3Do2 22822.36 438.1668 2.230E+05 1.977E-03 2.320E+05 2.003E-03 0.012
3p4p 3S 1 3p4s 3Po0 22372.86 446.9701 9.646E+06 8.591E-02 9.519E+06 8.553E-02 0.000
3s7d 3D2 3p4s 3Po1 22576.48 442.9388 4.069E+06 6.040E-02 4.127E+06 6.068E-02 0.018
3s7d 3D1 3p4s 3Po1 22566.1 443.143 2.540E+06 2.262E-02 2.573E+06 2.272E-02 0.015
3p4p 3S 1 3p4s 3Po1 22245.4 449.5303 3.770E+07 3.393E-01 3.715E+07 3.377E-01 0.002
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s5d 1D2 3p3d 1Do2 22636 441.7742
∗ 3.657E+04 5.494E-04 3.806E+04 5.568E-04 0.088
3s7d 1D2 3s5 f 1Fo3 a 25110.22 398.2442
∗ 5.965E+05 8.991E-03 8.515E+05 1.012E-02 0.578
3s7d 3D3 3p4s 3Po2 22300.86 448.4132 6.995E+06 1.491E-01 7.100E+06 1.498E-01 0.017
3s7d 3D2 3p4s 3Po2 22283.62 448.7601 2.388E+06 3.637E-02 2.420E+06 3.653E-02 0.012
3s7d 3D1 3p4s 3Po2 22273.2 448.97 4.369E+05 3.993E-03 4.423E+05 4.009E-03 0.009
3p4s 3Po1 3s4d
1D2 22196.63 450.5188 ∗ 1.715E+05 1.574E-03 1.730E+05 1.579E-03 0.000
3p4p 3S 1 3p4s 3Po2 21952.6 455.5273 9.620E+07 8.884E-01 9.470E+07 8.838E-01 0.000
3s7 f 3Fo3 3s5d
1D2 22109.61 452.292 ∗ 4.101E+04 8.891E-04 4.161E+04 8.934E-04 0.095
3s4p 3Po2 3s4s
3S 1 21959.2 455.3898 1.250E+08 1.940E+00 1.246E+08 1.938E+00 0.000
3s4p 3Po1 3s4s
3S 1 21886.1 456.9121 1.238E+08 1.159E+00 1.233E+08 1.158E+00 0.000
3s4p 3Po0 3s4s
3S 1 21852.9 457.6039 1.234E+08 3.863E-01 1.228E+08 3.857E-01 0.000
3p4p 3P2 3p4s 3Po1 21640.6 462.094 2.610E+07 4.177E-01 2.610E+07 4.177E-01 0.001
3p4p 3P1 3p4s 3Po0 21553.7 463.9577 4.380E+07 4.238E-01 4.376E+07 4.237E-01 0.001
3p4p 3P1 3p4s 3Po1 21426.2 466.7168 4.025E+07 3.937E-01 4.016E+07 3.934E-01 0.000
3p4p 3P0 3p4s 3Po1 21344.2 468.5105 1.142E+08 3.751E-01 1.138E+08 3.747E-01 0.000
3p4p 3P2 3p4s 3Po2 21347.8 468.4332 8.441E+07 1.387E+00 8.432E+07 1.387E+00 0.001
3s7d 1D2 3p4s 3Po1 24109.13 414.7806
∗ 1.720E+06 2.829E-02 2.477E+06 3.195E-02 0.010
3s5 f 1Fo3 a 3s4d
1D2 21195.6 471.7974 1.322E+08 3.092E+00 1.325E+08 3.094E+00 0.015
3p4p 3P1 3p4s 3Po2 21133.4 473.1844 3.120E+07 3.136E-01 3.110E+07 3.133E-01 0.003
3s7d 1D2 3p4s 3Po2 23816.27 419.881
∗ 3.174E+06 5.363E-02 4.589E+06 6.064E-02 0.002
3p4s 1Po1 3s5s
1S 0 20825.6 480.1769 2.924E+07 2.994E-01 2.868E+07 2.975E-01 0.006
3p4s 3Po2 3s5s
3S 1 20644.2 484.3976 1.537E+06 2.672E-02 1.510E+06 2.656E-02 0.008
3s5g 3G3 3s4 f 3Fo2 20769.8 481.4678 2.004E+08 4.939E+00 2.044E+08 4.972E+00 0.001
3s5g 1G4 3s4 f 3Fo3 20742.68 482.0978
∗ 6.050E+07 1.920E+00 6.158E+07 1.931E+00 0.001
3s5g 3G4 3s4 f 3Fo3 20742.3 482.1059 1.433E+08 4.548E+00 1.459E+08 4.575E+00 0.001
3s5g 3G3 3s4 f 3Fo3 20741.89 482.1161 1.746E+07 4.310E-01 1.778E+07 4.336E-01 0.002
3s5g 1G4 3s4 f 3Fo4 20702.31 483.0379
∗ 4.124E+06 1.312E-01 4.188E+06 1.319E-01 0.001
3s5g 3G5 3s4 f 3Fo4 20702.6 483.03 2.159E+08 8.396E+00 2.193E+08 8.440E+00 0.001
3s5g 3G4 3s4 f 3Fo4 20701.96 483.046 9.368E+06 2.980E-01 9.516E+06 2.996E-01 0.000
3s5g 3G3 3s4 f 3Fo4 20701.52 483.0563 2.751E+05 6.809E-03 2.795E+05 6.845E-03 0.005
3p4s 3Po1 3s5s
3S 1 20351.34 491.3681 1.576E+06 1.690E-02 1.547E+06 1.679E-02 0.003
3p4s 3Po0 3s5s
3S 1 20223.92 494.464 1.608E+06 5.815E-03 1.576E+06 5.776E-03 0.002
3s7d 3D1 3p4s 1Po1 20393.75 490.3463
∗ 2.000E+04 2.187E-04 2.034E+04 2.199E-04 0.049
3p4p 3S 1 3p4s 1Po1 20073.11 498.1789
∗ 3.011E+05 3.331E-03 2.971E+05 3.316E-03 0.021
3s7g 1G4 3s5 f 3Fo3 19549.32 511.5267
∗ 3.525E+06 1.245E-01 3.527E+06 1.245E-01 0.004
3s7g 3G5 3s5 f 3Fo4 19548.3 511.5542 4.120E+07 1.779E+00 4.121E+07 1.779E+00 0.006
3s7g 1G4 3s5 f 3Fo4 19547.28 511.5801
∗ 2.401E+05 8.479E-03 2.402E+05 8.480E-03 0.009
3s7g 3G4 3s5 f 3Fo3 19549.23 511.5291 3.508E+07 1.239E+00 3.510E+07 1.239E+00 0.006
3s7g 3G4 3s5 f 3Fo4 19547.19 511.5825 2.334E+06 8.243E-02 2.335E+06 8.244E-02 0.005
3s7g 3G3 3s5 f 3Fo3 19548.7 511.543 3.320E+06 9.121E-02 3.323E+06 9.124E-02 0.001
3s7g 3G3 3s5 f 3Fo2 19549.6 511.519 3.792E+07 1.042E+00 3.796E+07 1.042E+00 0.003
3s7g 3G3 3s5 f 3Fo4 19546.66 511.5964 5.271E+04 1.448E-03 5.275E+04 1.448E-03 0.002
3s7 f 3Fo2 3s5g
3G3 19473.26 513.5247 4.034E+05 7.978E-03 4.038E+05 7.981E-03 0.034
3s7 f 3Fo3 3s5g
3G3 19473.48 513.5189 2.529E+04 7.003E-04 2.532E+04 7.006E-04 0.029
3s7 f 3Fo3 3s5g
3G4 19473.04 513.5305 2.547E+05 7.055E-03 2.550E+05 7.058E-03 0.092
3s7 f 3Fo4 3s5g
3G4 19473.32 513.5231 1.324E+04 4.717E-04 1.326E+04 4.719E-04 0.088
3s7 f 3Fo4 3s5g
3G5 19472.63 513.5413 3.726E+05 1.327E-02 3.731E+05 1.328E-02 0.097
3s7 f 3Fo3 3s5g
1G4 19472.69 513.5397 ∗ 1.129E+05 3.127E-03 1.131E+05 3.129E-03 0.069
3p4p 3P2 3p4s 1Po1 19468.29 513.6558
∗ 1.858E+06 3.682E-02 1.863E+06 3.685E-02 0.032
3p4p 3P1 3p4s 1Po1 19253.94 519.3742
∗ 2.891E+05 3.508E-03 2.892E+05 3.509E-03 0.003
3p4p 3P0 3p4s 1Po1 19171.91 521.5964
∗ 2.916E+05 1.189E-03 2.914E+05 1.189E-03 0.043
3s7d 1D2 3p4s 1Po1 21936.8 455.855 3.474E+07 7.096E-01 5.216E+07 8.126E-01 0.037
3s7d 3D3 3s5 f 3Fo3 18852.52 530.4331 2.451E+05 7.221E-03 2.443E+05 7.213E-03 0.022
3s7d 3D3 3s5 f 3Fo4 18850.48 530.4905 2.872E+06 8.462E-02 2.862E+06 8.452E-02 0.004
3s7d 3D2 3s5 f 3Fo3 18835.28 530.9186 2.824E+06 5.946E-02 2.810E+06 5.936E-02 0.024
3s7d 3D2 3s5 f 3Fo2 18836.2 530.893 3.498E+05 7.365E-03 3.481E+05 7.353E-03 0.037
3s7d 3D1 3s5 f 3Fo2 18825.8 531.186 3.201E+06 4.046E-02 3.181E+06 4.038E-02 0.036
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3p4s 3Po1 3s5s
1S 0 18653.33 536.0973 ∗ 1.547E+05 1.975E-03 1.519E+05 1.963E-03 0.000
3p4p 3D2 3p4s 3Po1 18338.6 545.297 4.868E+07 1.081E+00 4.845E+07 1.079E+00 0.002
3p4p 3D1 3p4s 3Po0 18336.93 545.3476 3.592E+07 4.793E-01 3.578E+07 4.787E-01 0.000
3p4p 3D3 3p4s 3Po2 18266.3 547.4562 6.281E+07 1.966E+00 6.236E+07 1.961E+00 0.003
3p4p 3D1 3p4s 3Po1 18209.51 549.1636 2.377E+07 3.212E-01 2.364E+07 3.206E-01 0.000
3s7p 1Po1 3s5d
3D2 17787.26 562.2001 ∗ 3.479E+04 4.746E-04 3.270E+04 4.649E-04 0.088
3s5d 1D2 3s4 f 3Fo3 18105.76 552.3104
∗ 1.608E+04 3.686E-04 1.614E+04 3.691E-04 0.360
3p4p 3D2 3p4s 3Po2 18045.77 554.1465 1.354E+07 3.103E-01 1.346E+07 3.097E-01 0.001
3p4p 3P2 3s5 f 3Fo3 17899.42 558.6773
∗ 1.007E+04 2.321E-04 9.840E+03 2.303E-04 0.043
3p4p 3D1 3p4s 3Po2 17916.65 558.1401 1.387E+06 1.934E-02 1.378E+06 1.930E-02 0.001
3s7p 3Po2 3s5d
3D3 17854.59 560.0801 9.151E+06 2.165E-01 9.239E+06 2.172E-01 0.019
3s7p 3Po2 3s5d
3D2 17859.1 559.9386 1.621E+06 3.843E-02 1.642E+06 3.860E-02 0.021
3s7p 3Po1 3s5d
3D2 17849.15 560.2508 8.053E+06 1.147E-01 8.157E+06 1.152E-01 0.021
3s7p 3Po2 3s5d
3D1 17862.12 559.844 1.079E+05 2.562E-03 1.096E+05 2.576E-03 0.027
3s7p 3Po1 3s5d
3D1 17852.17 560.156 2.683E+06 3.825E-02 2.725E+06 3.845E-02 0.027
3s7p 3Po0 3s5d
3D1 17847.53 560.3016 1.071E+07 5.091E-02 1.088E+07 5.117E-02 0.027
3s7p 1Po1 3s5d
1D2 17206.4 581.18 1.269E+07 1.851E-01 1.195E+07 1.814E-01 0.012
3s5d 3D1 3s4 f 3Fo2 17549.8 569.807 2.027E+07 2.974E-01 2.042E+07 2.981E-01 0.032
3s5d 3D2 3s4 f 3Fo2 17552.8 569.709 2.244E+06 5.495E-02 2.267E+06 5.513E-02 0.032
3s5d 3D2 3s4 f 3Fo3 17524.9 570.617 1.793E+07 4.399E-01 1.807E+07 4.411E-01 0.025
3s5d 3D3 3s4 f 3Fo2 17557.3 569.563 4.607E+04 1.583E-03 4.670E+04 1.590E-03 0.012
3s5d 3D3 3s4 f 3Fo3 17529.4 570.471 1.598E+06 5.498E-02 1.616E+06 5.519E-02 0.021
3s5d 3D3 3s4 f 3Fo4 17489 571.787 1.844E+07 6.362E-01 1.860E+07 6.381E-01 0.019
3s4p 1Po1 3s4s
1S 0 17417.6 574.133 5.756E+07 8.512E-01 5.736E+07 8.502E-01 0.001
3s7p 3Po1 3s5d
1D2 17268.27 579.0968 ∗ 1.994E+04 3.042E-04 2.028E+04 3.059E-04 0.136
3s6g 1G4 3s5 f 1Fo3 a 16947.9 590.042 3.674E+07 1.765E+00 3.799E+07 1.785E+00 0.005
3s6g 3G4 3s5 f 1Fo3 a 16947.53 590.0565
∗ 1.215E+07 5.835E-01 1.257E+07 5.901E-01 0.015
3p4p 1P1 3p4s 3Po0 16485.3 606.601
∗ 5.326E+04 8.785E-04 5.300E+04 8.771E-04 0.009
3p4p 1P1 3p4s 3Po1 16357.88 611.3262
∗ 8.461E+05 1.416E-02 8.405E+05 1.413E-02 0.004
3s6 f 1Fo3 3s5d
1D2 16203.4 617.154 1.330E+07 5.318E-01 1.331E+07 5.319E-01 0.057
3s4p 3Po1 3s4s
1S 0 16193.5 617.532 5.310E+04 9.121E-04 5.321E+04 9.127E-04 0.017
3p4p 3D2 3p4s 1Po1 16166.3 618.5707
∗ 9.342E+04 2.676E-03 9.323E+04 2.674E-03 0.004
3p3d 3Do2 3s4d
3D3 15840.4 631.296 8.925E+04 2.578E-03 8.488E+04 2.535E-03 0.026
3p3d 3Do3 3s4d
3D3 15890 629.326 1.439E+04 5.825E-04 1.383E+04 5.748E-04 0.060
3p3d 3Do1 3s4d
3D2 15787.49 633.413 7.755E+04 1.353E-03 7.371E+04 1.330E-03 0.018
3p4p 3D1 3p4s 1Po1 16037.18 623.551
∗ 5.946E+05 1.038E-02 5.932E+05 1.037E-02 0.000
3s6s 1S 0 3s5p 1Po1 15832.3 631.621 1.176E+08 7.063E-01 1.184E+08 7.079E-01 0.001
3s7s 3S 1 3p4s 3Po1 15617.68 640.3
∗ 2.077E+04 3.899E-04 2.134E+04 3.934E-04 0.009
3s6s 1S 0 3s5p 3Po1 15369.81 650.6261
∗ 8.844E+04 5.665E-04 8.969E+04 5.692E-04 0.009
3s6 f 3Fo2 3s5d
3D3 15322.16 652.649 1.712E+05 5.511E-03 1.733E+05 5.533E-03 0.005
3s6 f 3Fo3 3s5d
3D3 15322.55 652.633 4.286E+06 1.932E-01 4.340E+06 1.940E-01 0.002
3s6 f 3Fo4 3s5d
3D3 15322.94 652.615 3.864E+07 2.239E+00 3.913E+07 2.248E+00 0.001
3s6 f 3Fo2 3s5d
3D2 15326.67 652.457 6.009E+06 1.938E-01 6.107E+06 1.949E-01 0.005
3s6 f 3Fo3 3s5d
3D2 15327.06 652.441 3.439E+07 1.553E+00 3.496E+07 1.562E+00 0.003
3s6 f 3Fo2 3s5d
3D1 15329.69 652.329 3.260E+07 1.053E+00 3.324E+07 1.060E+00 0.005
3s7s 3S 1 3p4s 3Po2 15324.82 652.5362
∗ 1.557E+04 3.034E-04 1.599E+04 3.061E-04 0.013
3s6s 3S 1 3s5p 1Po1 15091.02 662.6457
∗ 3.025E+04 6.007E-04 3.049E+04 6.023E-04 0.000
3p3d 3Po0 3s4d
3D1 14752.53 677.85 1.040E+07 6.904E-02 9.844E+06 6.779E-02 0.006
3p4p 3D3 3s5 f 3Fo3 14817.96 674.857 8.546E+04 3.990E-03 8.250E+04 3.943E-03 0.026
3p4p 3D3 3s5 f 3Fo4 14815.92 674.95 9.749E+05 4.551E-02 9.410E+05 4.498E-02 0.040
3p3d 3Po1 3s4d
3D2 14690.41 680.716 8.709E+06 1.753E-01 8.270E+06 1.723E-01 0.005
3p3d 3Po1 3s4d
3D1 14690.96 680.691 2.953E+06 5.965E-02 2.818E+06 5.873E-02 0.005
3s6d 1D2 3s5 f 1Fo3 a 15023.44 665.627 3.121E+04 1.055E-03 3.204E+04 1.064E-03 0.818
3p3d 3Po2 3s4d
3D3 14590.76 685.365 1.219E+07 4.162E-01 1.164E+07 4.099E-01 0.003
3p3d 3Po2 3s4d
3D2 14591.96 685.309 2.208E+06 7.575E-02 2.123E+06 7.477E-02 0.003
3p4p 3D2 3s5 f 3Fo3 14597.43 685.0521
∗ 7.513E+05 2.583E-02 7.260E+05 2.554E-02 0.043
3p4p 3D2 3s5 f 3Fo2 14598.3 685.01 9.495E+04 3.265E-03 9.177E+04 3.228E-03 0.048
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3p3d 3Po2 3s4d
3D1 14592.51 685.283 1.539E+05 5.297E-03 1.488E+05 5.238E-03 0.003
3s7d 3D1 3s6p 3Po0 14678.4 681.27 5.202E+06 1.082E-01 5.172E+06 1.080E-01 0.019
3s7d 3D2 3s6p 3Po1 14675.5 681.408 6.958E+06 2.413E-01 6.919E+06 2.408E-01 0.015
3s7d 3D1 3s6p 3Po1 14665.1 681.89 3.869E+06 8.050E-02 3.841E+06 8.030E-02 0.017
3s7d 3D3 3s6p 3Po2 14678.96 681.247 9.364E+06 4.552E-01 9.337E+06 4.548E-01 0.008
3s7d 3D2 3s6p 3Po2 14661.72 682.048 2.372E+06 8.242E-02 2.360E+06 8.228E-02 0.014
3s7d 3D1 3s6p 3Po2 14651.3 682.53 2.814E+05 5.868E-03 2.795E+05 5.855E-03 0.021
3s6 f 3Fo2 3s5d
1D2 14745.79 678.1597 ∗ 1.046E+04 3.659E-04 1.069E+04 3.685E-04 0.018
3s6 f 3Fo3 3s5d
1D2 14746.18 678.1417 ∗ 5.482E+04 2.684E-03 5.602E+04 2.703E-03 0.064
3p4p 3D1 3s5 f 3Fo2 14469.2 691.12 7.247E+05 1.521E-02 6.999E+05 1.503E-02 0.052
3p4p 3S 1 3s6p 3Po0 14357.79 696.486 1.564E+05 3.303E-03 1.490E+05 3.250E-03 0.161
3p4p 3S 1 3s6p 3Po1 14344.46 697.133 6.607E+05 1.396E-02 6.284E+05 1.373E-02 0.131
3p4p 3S 1 3s6p 3Po2 14330.68 697.804 1.248E+06 2.645E-02 1.188E+06 2.602E-02 0.125
3s6s 3S 1 3s5p 3Po2 14633.91 683.344 6.124E+07 1.300E+00 6.222E+07 1.307E+00 0.003
3s6s 3S 1 3s5p 3Po1 14628.54 683.595 3.847E+07 8.168E-01 3.907E+07 8.210E-01 0.003
3s6s 3S 1 3s5p 3Po0 14627.73 683.633 1.309E+07 2.782E-01 1.330E+07 2.797E-01 0.003
3p4p 1P1 3p4s 1Po1 14185.55 704.943 2.681E+07 5.977E-01 2.671E+07 5.970E-01 0.001
3s7g 1G4 3s5 f 1Fo3 b 14404.01 694.2511
∗ 9.541E+05 6.444E-02 1.010E+06 6.567E-02 0.197
3s7g 3G4 3s5 f 1Fo3 b 14403.92 694.2555
∗ 8.539E+04 5.767E-03 9.038E+04 5.877E-03 0.006
3s6d 1D2 3p4s 3Po1 14022.35 713.1472
∗ 3.222E+04 1.243E-03 3.280E+04 1.250E-03 0.029
3p4p 3P2 3s6p 3Po1 13739.64 727.821 8.665E+04 3.374E-03 8.418E+04 3.342E-03 0.009
3p4p 3P2 3s6p 3Po2 13725.86 728.552 2.038E+05 7.956E-03 1.980E+05 7.880E-03 0.018
3s6d 3D1 3p4s 3Po0 13862.28 721.382 4.226E+06 9.998E-02 4.296E+06 1.005E-01 0.003
3p4p 3P1 3s6p 3Po0 13538.62 738.628 1.216E+05 2.923E-03 1.178E+05 2.893E-03 0.004
3s6d 3D2 3p4s 3Po1 13756.86 726.91 5.462E+06 2.187E-01 5.555E+06 2.199E-01 0.001
3s7s 1S 0 3p4s 1Po1 13838.2 722.637 2.803E+06 2.247E-02 2.903E+06 2.273E-02 0.031
3p4p 3P1 3s6p 3Po1 13525.29 739.356 1.073E+05 2.581E-03 1.038E+05 2.553E-03 0.017
3s6d 3D1 3p4s 3Po1 13734.86 728.074 3.093E+06 7.445E-02 3.138E+06 7.481E-02 0.003
3s6 f 1Fo3 3s5g
1G4 13566.49 737.11 1.755E+04 9.867E-04 1.718E+04 9.798E-04 0.221
3p4p 3P1 3s6p 3Po2 13511.51 740.11 6.101E+04 1.471E-03 5.905E+04 1.455E-03 0.079
3s6d 1D2 3p4s 3Po2 13729.49 728.3592
∗ 1.365E+04 5.487E-04 1.388E+04 5.518E-04 0.001
3p4p 3P0 3s6p 3Po1 13443.26 743.867 2.743E+05 2.223E-03 2.650E+05 2.198E-03 0.012
3s6d 3D3 3p4s 3Po2 13494.35 741.051 6.447E+06 3.761E-01 6.565E+06 3.784E-01 0.001
3s6d 3D2 3p4s 3Po2 13464 742.721 1.668E+06 6.971E-02 1.694E+06 7.007E-02 0.002
3s6d 3D1 3p4s 3Po2 13442 743.937 1.918E+05 4.817E-03 1.943E+05 4.838E-03 0.005
3s5p 3Po2 3s4d
3D3 13389.79 746.838 4.440E+07 1.864E+00 4.467E+07 1.868E+00 0.004
3s5p 3Po1 3s4d
3D2 13396.43 746.471 4.144E+07 1.048E+00 4.202E+07 1.053E+00 0.008
3s5p 3Po2 3s4d
3D2 13390.99 746.771 7.891E+06 3.328E-01 7.998E+06 3.343E-01 0.008
3p4p 3P2 3p3d 1Po1 12216.95 818.5349
∗ 1.287E+04 5.442E-04 9.939E+03 4.993E-04 0.020
3s5p 3Po0 3s4d
3D1 13397.74 746.395 5.628E+07 4.759E-01 5.735E+07 4.789E-01 0.011
3s5p 3Po1 3s4d
3D1 13396.92 746.44 1.375E+07 3.491E-01 1.402E+07 3.514E-01 0.011
3s5p 3Po2 3s4d
3D1 13391.54 746.74 5.213E+05 2.207E-02 5.313E+05 2.221E-02 0.011
3s5d 1D2 3s5p 1Po1 13132.92 761.445 9.726E+07 4.190E+00 9.600E+07 4.172E+00 0.004
3s6s 3S 1 3p3d 3Po2 13432.95 744.438 1.361E+07 3.563E-01 1.466E+07 3.652E-01 0.004
3s7d 1D2 3p3d 1Po1 14685.46 680.946 1.878E+05 8.302E-03 2.694E+05 9.363E-03 0.042
3s6s 3S 1 3p3d 3Po1 13334.5 749.934 6.412E+06 1.722E-01 7.013E+06 1.774E-01 0.004
3s6s 3S 1 3p3d 3Po0 13272.93 753.413 1.881E+06 5.133E-02 2.079E+06 5.307E-02 0.004
3s5p 1Po1 3s4d
3D1 12934.44 773.1297 ∗ 1.023E+04 2.803E-04 1.052E+04 2.830E-04 0.016
3s5d 1D2 3s5p 3Po2 12675.82 788.9036
∗ 3.020E+04 1.404E-03 3.006E+04 1.402E-03 0.051
3p4p 3P2 3s5 f 1Fo3 b 12754.11 784.061
∗ 1.609E+05 7.564E-03 1.658E+05 7.641E-03 0.265
3s5d 3D1 3s5p 1Po1 12549.02 796.875
∗ 2.486E+04 7.042E-04 2.456E+04 7.014E-04 0.026
3s5d 3D2 3s5p 1Po1 12552.04 796.6832
∗ 2.298E+04 1.087E-03 2.279E+04 1.084E-03 0.070
3s7d 1D2 3s5 f 1Fo3 b 15222.62 656.917 3.775E+06 1.860E-01 7.099E+06 2.296E-01 0.259
3p4p 3P2 3s6p 1Po1 13780.4 725.6683
∗ 6.283E+04 3.122E-03 8.875E+04 3.503E-03 0.042
3s6g 3G5 3s5 f 3Fo4 12204.15 819.393 8.867E+07 9.817E+00 8.867E+07 9.817E+00 0.003
3s6g 1G4 3s5 f 3Fo3 12205.65 819.2927
∗ 2.070E+07 1.875E+00 2.071E+07 1.875E+00 0.003
3s6g 1G4 3s5 f 3Fo4 12203.61 819.4297
∗ 1.365E+06 1.236E-01 1.365E+06 1.236E-01 0.001
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s6g 3G4 3s5 f 3Fo3 12205.24 819.32 6.239E+07 5.653E+00 6.244E+07 5.655E+00 0.002
3s6g 3G4 3s5 f 3Fo4 12203.2 819.457 4.174E+06 3.782E-01 4.175E+06 3.782E-01 0.002
3s6g 3G3 3s5 f 3Fo3 12204.93 819.334 7.123E+06 5.023E-01 7.133E+06 5.025E-01 0.000
3s6g 3G3 3s5 f 3Fo2 12206.02 819.27 8.140E+07 5.740E+00 8.154E+07 5.743E+00 0.001
3s6g 3G3 3s5 f 3Fo4 12203 819.471 1.130E+05 7.971E-03 1.131E+05 7.974E-03 0.002
3s5d 3D1 3s5p 3Po2 12091.92 826.999 2.030E+06 6.228E-02 2.022E+06 6.220E-02 0.007
3s6 f 3Fo2 3s5g
3G3 12109.66 825.787 1.017E+06 5.202E-02 1.018E+06 5.204E-02 0.003
3s6 f 3Fo3 3s5g
3G3 12110.05 825.76 6.365E+04 4.558E-03 6.373E+04 4.560E-03 0.001
3s6 f 3Fo3 3s5g
3G4 12109.61 825.79 6.598E+05 4.726E-02 6.609E+05 4.729E-02 0.024
3s6 f 3Fo4 3s5g
3G4 12110.04 825.761 3.420E+04 3.150E-03 3.426E+04 3.152E-03 0.022
3s6 f 3Fo4 3s5g
3G5 12109.35 825.808 9.622E+05 8.863E-02 9.640E+05 8.868E-02 0.028
3s5d 3D1 3s5p 3Po1 12086.56 827.367 3.179E+07 9.761E-01 3.167E+07 9.749E-01 0.006
3s6 f 3Fo3 3s5g
1G4 12109.26 825.8143 ∗ 2.909E+05 2.084E-02 2.914E+05 2.085E-02 0.008
3s6 f 3Fo4 3s5g
1G4 12109.69 825.785 ∗ 1.515E+04 1.396E-03 1.518E+04 1.397E-03 0.012
3s5d 3D1 3s5p 3Po0 12085.74 827.422 4.320E+07 1.327E+00 4.305E+07 1.325E+00 0.007
3s5d 3D2 3s5p 3Po2 12094.95 826.792 1.822E+07 9.339E-01 1.823E+07 9.341E-01 0.005
3s5d 3D2 3s5p 3Po1 12089.57 827.16 5.712E+07 2.929E+00 5.713E+07 2.929E+00 0.005
3s5d 3D3 3s5p 3Po2 12099.45 826.484 7.270E+07 5.230E+00 7.311E+07 5.240E+00 0.003
3s7d 1D2 3s6p 1Po1 16248.9 615.426 3.580E+06 1.867E-01 8.915E+06 2.531E-01 0.025
3s6s 3S 1 3p3d 3Do1 12237.42 817.1657
∗ 2.593E+04 8.329E-04 2.870E+04 8.615E-04 0.005
3s6s 3S 1 3p3d 3Do2 12183.27 820.7977
∗ 5.435E+04 1.752E-03 5.964E+04 1.807E-03 0.005
3s6d 1D2 3p4s 1Po1 11850.02 843.88 2.547E+07 1.383E+00 2.614E+07 1.395E+00 0.016
3p3d 3Do2 3s5s
3S 1 11263.84 887.7967 ∗ 4.021E+04 2.230E-03 3.658E+04 2.161E-03 0.003
3p3d 3Do1 3s5s
3S 1 11209.69 892.0853 ∗ 3.183E+04 1.063E-03 2.868E+04 1.027E-03 0.003
3s6d 3D2 3p4s 1Po1 11584.53 863.2202
∗ 8.365E+04 4.750E-03 8.575E+04 4.789E-03 0.025
3s5d 1D2 3p3d 3Po1 11376.4 879.0127
∗ 1.331E+04 8.125E-04 1.440E+04 8.342E-04 0.086
3p4p 3D3 3s6p 3Po2 10644.4 939.461 7.057E+06 6.334E-01 6.734E+06 6.236E-01 0.021
3s5d 3D1 3p3d 3Po2 10890.95 918.194 3.277E+05 1.298E-02 3.500E+05 1.327E-02 0.002
3s5d 3D2 3p3d 3Po2 10893.97 917.939 2.925E+06 1.936E-01 3.139E+06 1.982E-01 0.003
3s5d 3D3 3p3d 3Po2 10898.48 917.559 1.188E+07 1.104E+00 1.282E+07 1.132E+00 0.004
3p4p 3D2 3s6p 3Po1 10437.65 958.07 5.787E+06 3.860E-01 5.525E+06 3.801E-01 0.010
3p3d 3Po0 3s5s
3S 1 10174.18 982.88 5.437E+06 7.256E-02 4.810E+06 6.966E-02 0.003
3p4p 3D2 3s6p 3Po2 10423.87 959.337 1.915E+06 1.281E-01 1.829E+06 1.261E-01 0.009
3p3d 3Po1 3s5s
3S 1 10112.61 988.864 6.024E+06 2.460E-01 5.389E+06 2.370E-01 0.003
3s5d 3D1 3p3d 3Po1 10792.5 926.569 3.733E+06 1.525E-01 4.064E+06 1.569E-01 0.005
3s4p 1Po1 3s3d
1D2 10722.19 932.645 8.283E+06 3.385E-01 8.848E+06 3.460E-01 0.020
3p4p 3D1 3s6p 3Po0 10321.86 968.818 4.501E+06 1.843E-01 4.300E+06 1.815E-01 0.008
3s5d 3D2 3p3d 3Po1 10795.52 926.31 6.780E+06 4.629E-01 7.415E+06 4.769E-01 0.005
3p4p 3D1 3s6p 3Po1 10308.53 970.07 3.371E+06 1.382E-01 3.214E+06 1.360E-01 0.008
3p4p 3D1 3s6p 3Po2 10294.75 971.369 2.210E+05 9.086E-03 2.108E+05 8.944E-03 0.008
3s5d 3D1 3p3d 3Po0 10730.93 931.886 4.335E+06 1.807E-01 4.779E+06 1.867E-01 0.007
3s6d 1D2 3s5 f 3Fo3 10281.15 972.6538
∗ 6.871E+04 4.821E-03 6.762E+04 4.795E-03 0.047
3s6d 1D2 3s5 f 3Fo2 10282.07 972.5668
∗ 9.383E+03 6.584E-04 9.240E+03 6.550E-04 0.010
3p3d 3Po2 3s5s
3S 1 10014.16 998.586 7.373E+06 5.177E-01 6.713E+06 5.018E-01 0.003
3s6d 3D3 3s5 f 3Fo3 10046.01 995.42 9.730E+05 1.002E-01 9.586E+05 9.970E-02 0.002
3s6d 3D3 3s5 f 3Fo2 10046.9 995.33 2.783E+04 2.866E-03 2.743E+04 2.852E-03 0.009
3s6d 3D3 3s5 f 3Fo4 10043.97 995.622 1.126E+07 1.160E+00 1.109E+07 1.154E+00 0.005
3s6d 3D2 3s5 f 3Fo3 10015.66 998.436 1.079E+07 7.967E-01 1.059E+07 7.919E-01 0.000
3s6d 3D2 3s5 f 3Fo2 10016.6 998.34 1.348E+06 9.951E-02 1.324E+06 9.892E-02 0.004
3s6d 3D1 3s5 f 3Fo2 9994.6 1000.54 1.217E+07 5.403E-01 1.192E+07 5.365E-01 0.003
3s7 f 1Fo3 3s6d
3D2 10081.94 991.8726 ∗ 1.876E+04 1.947E-03 1.891E+04 1.952E-03 0.163
3s5p 1Po1 3s4d
1D2 10201.38 980.26 3.023E+07 1.349E+00 3.171E+07 1.371E+00 0.007
3s7 f 1Fo3 3s6d
1D2 9816.45 1018.698 4.183E+06 4.575E-01 4.211E+06 4.585E-01 0.095
3s7 f 3Fo2 3s6d
3D1 9512.2 1051.282 7.168E+06 6.041E-01 7.357E+06 6.094E-01 0.003
3s7 f 3Fo2 3s6d
3D2 9490.2 1053.719 1.338E+06 1.130E-01 1.369E+06 1.139E-01 0.002
3s7 f 3Fo3 3s6d
3D2 9490.42 1053.694 7.666E+06 9.067E-01 7.842E+06 9.136E-01 0.006
3s7 f 3Fo2 3s6d
3D3 9459.85 1057.099 3.912E+04 3.318E-03 3.987E+04 3.339E-03 0.010
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s7 f 3Fo3 3s6d
3D3 9460.07 1057.075 9.805E+05 1.164E-01 9.994E+05 1.171E-01 0.015
3s7 f 3Fo4 3s6d
3D3 9460.35 1057.043 8.849E+06 1.351E+00 9.023E+06 1.360E+00 0.020
3s5d 3D1 3p3d 3Do1 9695.42 1031.415 3.525E+04 1.801E-03 3.891E+04 1.861E-03 0.052
3s5d 3D2 3p3d 3Do1 9698.44 1031.094 1.263E+04 1.079E-03 1.402E+04 1.117E-03 0.016
3s5d 3D2 3p3d 3Do2 9644.29 1036.883 3.060E+04 2.625E-03 3.360E+04 2.708E-03 0.054
3s5d 3D3 3p3d 3Do2 9648.8 1036.398 2.571E+04 3.098E-03 2.842E+04 3.203E-03 0.019
3s7 f 3Fo2 3s6d
1D2 9224.71 1084.0449 ∗ 1.197E+04 1.069E-03 1.223E+04 1.077E-03 0.012
3s7 f 3Fo3 3s6d
1D2 9224.93 1084.0191 ∗ 6.688E+04 8.365E-03 6.831E+04 8.424E-03 0.056
3s5p 3Po0 3s5s
3S 1 8819.38 1133.867 2.440E+07 4.631E-01 2.385E+07 4.596E-01 0.003
3s5p 3Po1 3s5s
3S 1 8818.57 1133.971 2.389E+07 1.361E+00 2.337E+07 1.351E+00 0.003
3p4p 3D1 3s6p 1Po1 10349.29 966.2499
∗ 1.194E+04 6.803E-04 1.889E+04 7.927E-04 0.050
3s5p 3Po2 3s5s
3S 1 8813.19 1134.663 2.283E+07 2.170E+00 2.232E+07 2.154E+00 0.001
3s6p 1Po1 3s5d
3D2 7303.43 1369.2197 ∗ 4.520E+04 2.587E-03 2.528E+04 2.132E-03 0.052
3p4p 1P1 3s6p 3Po0 8470.23 1180.6055
∗ 8.016E+04 4.838E-03 7.574E+04 4.747E-03 0.007
3p4p 1P1 3s6p 3Po1 8456.9 1182.4664
∗ 2.176E+04 1.315E-03 2.051E+04 1.289E-03 0.010
3p4p 1P1 3s6p 3Po2 8443.12 1184.3963
∗ 1.610E+04 9.766E-04 1.518E+04 9.577E-04 0.007
3s5 f 1Fo3 b 3s5d
3D2 8329.72 1200.5205 ∗ 5.019E+04 7.254E-03 4.690E+04 7.092E-03 0.344
3s5p 1Po1 3s5s
3S 1 8356.09 1196.732 ∗ 1.541E+04 9.855E-04 1.525E+04 9.820E-04 0.015
3s6p 1Po1 3s5d
1D2 6722.55 1487.531 2.859E+07 1.884E+00 1.541E+07 1.533E+00 0.003
3p4p 1P1 3p3d 1Po1 6934.21 1442.125 4.477E+05 3.093E-02 2.841E+05 2.658E-02 0.025
3s4 f 3Fo4 3s4d
3D3 8000.22 1249.966 1.004E+07 2.116E+00 1.003E+07 2.116E+00 0.014
3s4 f 3Fo3 3s4d
3D3 7959.85 1256.305 1.109E+06 1.829E-01 1.102E+06 1.825E-01 0.008
3s4 f 3Fo2 3s4d
3D3 7931.92 1260.729 4.431E+04 5.239E-03 4.381E+04 5.219E-03 0.008
3s4 f 3Fo3 3s4d
3D2 7961.05 1256.116 8.764E+06 1.457E+00 8.817E+06 1.460E+00 0.014
3s4 f 3Fo2 3s4d
3D2 7933.12 1260.538 1.528E+06 1.821E-01 1.530E+06 1.822E-01 0.016
3s7 f 1Fo3 3s6g
3G4 7892.36 1267.0481 ∗ 2.584E+04 4.312E-03 2.548E+04 4.292E-03 0.308
3s7 f 1Fo3 3s6g
1G4 7891.95 1267.114 7.728E+04 1.290E-02 7.623E+04 1.284E-02 0.283
3s5 f 1Fo3 b 3s5d
1D2 7748.84 1290.516 2.658E+07 4.450E+00 2.492E+07 4.355E+00 0.048
3s4 f 3Fo2 3s4d
3D1 7933.67 1260.451 8.175E+06 9.805E-01 8.264E+06 9.841E-01 0.017
3p3d 1Po1 3s5d
3D2 8866.88 1127.7924 ∗ 2.382E+04 1.747E-03 3.459E+04 1.978E-03 0.076
3s7s 3S 1 3s6p 3Po0 7730.03 1293.656 5.841E+06 4.413E-01 5.875E+06 4.422E-01 0.008
3s7s 3S 1 3s6p 3Po1 7716.7 1295.891 1.757E+07 1.329E+00 1.762E+07 1.330E+00 0.008
3s7s 3S 1 3s6p 3Po2 7702.92 1298.209 2.923E+07 2.221E+00 2.934E+07 2.224E+00 0.007
3s7s 1S 0 3p3d 1Po1 6586.86 1518.174 2.303E+06 6.068E-02 1.534E+06 5.299E-02 0.002
3s7g 3G5 3s6 f 3Fo4 7407.23 1350.032 3.044E+07 9.138E+00 3.038E+07 9.132E+00 0.009
3s7g 1G4 3s6 f 3Fo4 7406.24 1350.2128
∗ 1.768E+05 4.344E-02 1.765E+05 4.341E-02 0.009
3s7g 1G4 3s6 f 3Fo3 7406.67 1350.1344
∗ 2.635E+06 6.472E-01 2.630E+06 6.468E-01 0.006
3s7g 3G4 3s6 f 3Fo4 7406.15 1350.229 1.725E+06 4.237E-01 1.722E+06 4.234E-01 0.008
3s7g 3G4 3s6 f 3Fo3 7406.58 1350.151 2.589E+07 6.360E+00 2.585E+07 6.357E+00 0.008
3s7g 3G3 3s6 f 3Fo4 7405.62 1350.326 3.894E+04 7.446E-03 3.890E+04 7.444E-03 0.003
3s7g 3G3 3s6 f 3Fo3 7406.05 1350.247 2.452E+06 4.689E-01 2.450E+06 4.688E-01 0.004
3s7g 3G3 3s6 f 3Fo2 7406.44 1350.176 2.802E+07 5.359E+00 2.801E+07 5.359E+00 0.005
3s6p 3Po2 3s5d
3D3 7353.46 1359.904 2.461E+07 3.457E+00 2.510E+07 3.480E+00 0.005
3s7 f 3Fo2 3s6g
3G3 7300.82 1369.709 9.754E+05 1.373E-01 9.769E+05 1.374E-01 0.045
3s7 f 3Fo3 3s6g
3G3 7301.04 1369.668 6.108E+04 1.204E-02 6.121E+04 1.205E-02 0.043
3s7 f 3Fo3 3s6g
3G4 7300.84 1369.705 6.825E+05 1.346E-01 6.847E+05 1.347E-01 0.073
3s7 f 3Fo4 3s6g
3G4 7301.12 1369.653 3.546E+04 8.994E-03 3.558E+04 9.004E-03 0.075
3s7 f 3Fo3 3s6g
1G4 7300.43 1369.7823 ∗ 2.226E+05 4.393E-02 2.234E+05 4.398E-02 0.074
3s7 f 3Fo4 3s6g
1G4 7300.71 1369.7298 ∗ 1.155E+04 2.932E-03 1.160E+04 2.936E-03 0.070
3s7 f 3Fo4 3s6g
3G5 7300.17 1369.831 9.196E+05 2.334E-01 9.231E+05 2.337E-01 0.073
3s6p 3Po2 3s5d
3D2 7357.97 1359.071 4.373E+06 6.170E-01 4.498E+06 6.228E-01 0.007
3s6p 3Po2 3s5d
3D1 7360.99 1358.513 2.912E+05 4.123E-02 3.016E+05 4.172E-02 0.009
3s6p 3Po1 3s5d
3D2 7344.19 1361.621 2.178E+07 1.852E+00 2.243E+07 1.870E+00 0.007
3s6p 3Po1 3s5d
3D1 7347.21 1361.061 7.253E+06 6.189E-01 7.518E+06 6.263E-01 0.009
3s6p 3Po0 3s5d
3D1 7333.88 1363.535 2.899E+07 8.261E-01 2.997E+07 8.353E-01 0.010
3p3d 1Po1 3s5d
1D2 8286 1206.855 1.252E+06 1.077E-01 1.887E+06 1.235E-01 0.019
3s5p 3Po1 3s5s
1S 0 7120.56 1404.3839 ∗ 1.042E+04 9.103E-04 1.019E+04 9.035E-04 0.014
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3p4p 1P1 3s6p 1Po1 8497.66 1176.795 7.134E+05 6.483E-02 1.257E+06 7.831E-02 0.037
3s6g 1G4 3s5 f 1Fo3 b 7060.34 1416.362 1.995E+07 5.835E+00 2.241E+07 6.066E+00 0.009
3s6g 3G4 3s5 f 1Fo3 b 7059.93 1416.4446
∗ 6.585E+06 1.927E+00 7.402E+06 2.004E+00 0.016
3s7d 3D3 3s6 f 3Fo4 6709.44 1490.437 3.878E+06 8.960E-01 3.827E+06 8.921E-01 0.016
3s7d 3D3 3s6 f 3Fo3 6709.87 1490.342 3.342E+05 7.724E-02 3.300E+05 7.692E-02 0.027
3s7d 3D2 3s6 f 3Fo3 6692.63 1494.181 3.798E+06 6.280E-01 3.732E+06 6.243E-01 0.027
3s7d 3D2 3s6 f 3Fo2 6693.02 1494.094 4.737E+05 7.834E-02 4.655E+05 7.789E-02 0.036
3s7d 3D1 3s6 f 3Fo2 6682.6 1496.42 4.300E+06 4.269E-01 4.210E+06 4.239E-01 0.036
3s7 f 3Fo2 3p4p
1P1 6889.18 1451.5516 ∗ 4.830E+04 8.051E-03 5.239E+04 8.272E-03 0.035
3s5p 1Po1 3s5s
1S 0 6658.08 1501.934 1.144E+07 1.155E+00 1.135E+07 1.152E+00 0.003
3s6p 3Po1 3s5d
1D2 6763.31 1478.566 ∗ 3.513E+04 3.551E-03 3.663E+04 3.601E-03 0.067
3s7s 1S 0 3s6p 1Po1 8150.31 1226.9472
∗ 3.658E+07 1.294E+00 7.182E+07 1.620E+00 0.003
3s6d 1D2 3s6p 3Po1 6121.37 1633.6212
∗ 1.558E+05 3.066E-02 1.521E+05 3.041E-02 0.022
3s6d 1D2 3s6p 3Po2 6107.59 1637.307
∗ 4.627E+04 9.153E-03 4.521E+04 9.082E-03 0.022
3s6d 3D3 3s6p 3Po2 5872.45 1702.867 2.280E+07 6.837E+00 2.231E+07 6.788E+00 0.007
3s6d 3D2 3s6p 3Po1 5855.88 1707.685 1.673E+07 3.587E+00 1.626E+07 3.553E+00 0.007
3s6d 3D1 3s6p 3Po0 5847.21 1710.217 1.236E+07 1.593E+00 1.199E+07 1.577E+00 0.009
3s6d 3D1 3s6p 3Po1 5833.88 1714.125 9.241E+06 1.193E+00 8.929E+06 1.179E+00 0.008
3s6d 3D2 3s6p 3Po2 5842.1 1711.713 5.550E+06 1.196E+00 5.399E+06 1.185E+00 0.007
3s6d 3D1 3s6p 3Po2 5820.1 1718.184 6.137E+05 7.967E-02 5.936E+05 7.879E-02 0.009
3s7g 1G4 3s6 f 1Fo3 5949.44 1680.83 2.373E+07 9.355E+00 2.496E+07 9.514E+00 0.024
3s7g 3G4 3s6 f 1Fo3 5949.35 1680.8559
∗ 2.419E+06 9.537E-01 2.544E+06 9.699E-01 0.013
3s6p 1Po1 3s6s
1S 0 4023.18 2485.596 ∗ 1.246E+07 1.752E+00 4.487E+06 1.246E+00 0.000
3s6d 1D2 3p3d 1Po1 4598.7 2174.5 1.317E+06 3.133E-01 7.239E+05 2.566E-01 0.011
3s5 f 1Fo3 b 3s5g
3G4 5112.27 1956.0782 ∗ 9.557E+05 3.464E-01 8.200E+05 3.292E-01 0.006
3s5 f 1Fo3 b 3s5g
1G4 5111.9 1956.21 2.188E+06 7.937E-01 1.879E+06 7.544E-01 0.015
3s6d 3D2 3p3d 1Po1 4333.19 2307.7686
∗ 2.969E+04 7.762E-03 1.573E+04 6.281E-03 0.031
3s7p 1Po1 3s6d
3D2 4587.19 2179.9838 ∗ 1.430E+05 2.601E-02 1.123E+05 2.400E-02 0.010
3s6d 1D2 3s5 f 1Fo3 b 5135.8 1947.1 7.262E+06 2.245E+00 8.240E+06 2.342E+00 0.125
3s7 f 3Fo2 3p4p
3D1 5037.6 1985.09 3.725E+06 1.183E+00 4.154E+06 1.227E+00 0.047
3s6p 3Po2 3s6s
3S 1 4819 2075.1 1.061E+07 3.416E+00 1.057E+07 3.412E+00 0.005
3s6p 3Po1 3s6s
3S 1 4805.21 2081.07 1.052E+07 2.045E+00 1.050E+07 2.043E+00 0.006
3s6p 3Po0 3s6s
3S 1 4791.9 2086.9 1.049E+07 6.814E-01 1.042E+07 6.798E-01 0.006
3s7 f 3Fo2 3p4p
3D2 4908.4 2037.3 6.631E+05 2.220E-01 7.405E+05 2.303E-01 0.046
3s7 f 3Fo3 3p4p
3D2 4908.7 2037.2 3.789E+06 1.777E+00 4.235E+06 1.844E+00 0.045
3s7p 1Po1 3s6d
1D2 4321.7 2313.9 1.460E+07 2.955E+00 1.126E+07 2.710E+00 0.008
3s6d 3D2 3s5 f 1Fo3 b 4870.35 2053.2405
∗ 4.107E+04 1.414E-02 4.674E+04 1.476E-02 0.363
3p3d 1Po1 3s6s
1S 0 5586.6 1789.99 5.792E+05 1.220E-01 1.023E+06 1.475E-01 0.001
3s7p 3Po2 3s6d
3D1 4681 2136.3 1.371E+05 4.840E-02 1.438E+05 4.918E-02 0.017
3s7p 3Po1 3s6d
3D1 4671.1 2140.8 3.409E+06 7.249E-01 3.574E+06 7.364E-01 0.017
3s7p 3Po2 3s6d
3D2 4659 2146.4 2.046E+06 7.261E-01 2.131E+06 7.361E-01 0.015
3s7p 3Po0 3s6d
3D1 4666.4 2143 1.363E+07 9.680E-01 1.428E+07 9.830E-01 0.017
3s5g 1G4 3s5 f 1Fo3 a 4775.7 2093.9 2.791E+06 1.788E+00 3.146E+06 1.861E+00 0.007
3s7p 3Po1 3s6d
3D2 4649.1 2151 1.018E+07 2.175E+00 1.060E+07 2.204E+00 0.015
3s5g 3G4 3s5 f 1Fo3 a 4775.33 2094.0961
∗ 1.205E+06 7.725E-01 1.360E+06 8.042E-01 0.000
3s6d 1D2 3s6p 1Po1 6162.13 1622.815 9.546E+06 3.411E+00 2.325E+07 4.589E+00 0.003
3s7p 3Po2 3s6d
3D3 4628.7 2160.4 1.162E+07 4.156E+00 1.202E+07 4.203E+00 0.017
3s7 f 3Fo2 3p4p
3D3 4687.9 2133.2 1.781E+04 6.581E-03 2.010E+04 6.851E-03 0.060
3s7 f 3Fo3 3p4p
3D3 4688.12 2133.05 4.447E+05 2.301E-01 5.018E+05 2.396E-01 0.064
3s7 f 3Fo4 3p4p
3D3 4688.4 2132.9 4.003E+06 2.664E+00 4.521E+06 2.774E+00 0.066
3p4p 3P2 3s6 f 1Fo3 4299.54 2325.8302
∗ 2.594E+05 1.031E-01 2.519E+05 1.021E-01 0.094
3s7p 3Po2 3s6d
1D2 4393.54 2276.069 ∗ 1.435E+04 5.719E-03 1.492E+04 5.794E-03 0.036
3s7p 3Po1 3s6d
1D2 4383.59 2281.2352 ∗ 9.813E+04 2.355E-02 1.020E+05 2.385E-02 0.033
3s6d 3D2 3s6p 1Po1 5896.64 1695.881
∗ 6.054E+04 2.430E-02 1.539E+05 3.316E-02 0.019
3s7d 3D1 3s7p 3Po0 4164.8 2401.1 7.713E+06 1.962E+00 7.499E+06 1.944E+00 0.010
3s7d 3D2 3s7p 3Po1 4170.5 2397.8 1.030E+07 4.373E+00 1.007E+07 4.340E+00 0.007
3s7d 3D1 3s7p 3Po1 4160.1 2403.8 5.714E+06 1.456E+00 5.549E+06 1.442E+00 0.007
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Table 1. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
3s7d 3D3 3s7p 3Po2 4177.8 2393.6 1.364E+07 8.113E+00 1.342E+07 8.070E+00 0.004
3s7d 3D2 3s7p 3Po2 4160.6 2403.5 3.430E+06 1.462E+00 3.349E+06 1.450E+00 0.007
3s7d 3D1 3s7p 3Po2 4150.2 2409.5 3.979E+05 1.018E-01 3.861E+05 1.008E-01 0.015
3p4p 3S 1 3s7p 3Po0 3844.1 2601.4 1.057E+05 2.842E-02 8.782E+04 2.672E-02 0.373
3p4p 3S 1 3s7p 3Po1 3839.5 2604.5 4.581E+05 1.234E-01 3.801E+05 1.160E-01 0.315
3p4p 3S 1 3s7p 3Po2 3829.5 2611.3 6.740E+05 1.823E-01 5.586E+05 1.712E-01 0.334
3s7d 1D2 3s6 f 1Fo3 6768.05 1477.53 6.317E+06 2.888E+00 2.950E+07 4.827E+00 0.089
3s6s 1S 0 3p4s 3Po1 3837.04 2606.1756
∗ 1.747E+04 1.909E-03 1.942E+04 1.978E-03 0.004
3s6 f 1Fo3 3s6d
3D2 3584.22 2790.0073 ∗ 5.755E+04 4.613E-02 5.595E+04 4.570E-02 0.141
3p4p 3P2 3s7p 3Po1 3234.68 3091.4959
∗ 1.005E+04 6.619E-03 8.864E+03 6.348E-03 0.002
3s6 f 1Fo3 3s6d
1D2 3318.7 3013.2 6.446E+06 5.995E+00 6.217E+06 5.923E+00 0.062
3s5 f 3Fo4 3s5d
3D3 3181.9 3142.7 2.612E+06 3.607E+00 2.757E+06 3.673E+00 0.003
3s5 f 3Fo2 3s5d
3D3 3179 3145.7 1.161E+04 8.913E-03 1.222E+04 9.067E-03 0.009
3s5 f 3Fo3 3s5d
3D3 3179.9 3144.8 2.901E+05 3.118E-01 3.057E+05 3.173E-01 0.002
3s5 f 3Fo2 3s5d
3D2 3183.5 3141.2 3.994E+05 3.097E-01 4.288E+05 3.171E-01 0.004
3s5 f 3Fo3 3s5d
3D2 3184.4 3140.3 2.282E+06 2.477E+00 2.454E+06 2.538E+00 0.002
3s5 f 3Fo2 3s5d
3D1 3186.5 3138.2 2.132E+06 1.668E+00 2.327E+06 1.717E+00 0.004
3s6s 3S 1 3p4s 3Po0 3223.2 3102.5 1.583E+04 7.521E-03 1.821E+04 7.881E-03 0.000
3p4p 3P2 3s7p 1Po1 3296.57 3033.456
∗ 2.197E+05 1.843E-01 2.950E+05 2.033E-01 0.012
3s6s 3S 1 3p4s 3Po1 3095.8 3230.2 4.239E+04 2.178E-02 4.859E+04 2.279E-02 0.001
3p4p 3D3 3s6 f 3Fo4 2674.9 3738.5 8.908E+05 1.144E+00 7.303E+05 1.071E+00 0.041
3p4p 3D3 3s6 f 3Fo3 2675.3 3737.9 7.700E+04 9.890E-02 6.316E+04 9.258E-02 0.037
3s7p 3Po2 3s7s
3S 1 2798.2 3573.7 4.297E+06 4.111E+00 4.293E+06 4.110E+00 0.027
3s7p 3Po1 3s7s
3S 1 2788.3 3586.5 4.265E+06 2.463E+00 4.257E+06 2.461E+00 0.027
3s7p 3Po0 3s7s
3S 1 2783.6 3592.4 4.243E+06 8.188E-01 4.227E+06 8.178E-01 0.028
3s7p 1Po1 3s7s
1S 0 2333.5 4285.4 4.155E+06 2.411E+00 2.449E+06 2.022E+00 0.001
3s7d 1D2 3s7p 1Po1 5765.08 1734.581 4.188E+06 4.321E+00 4.100E+07 9.243E+00 0.018
3s6s 3S 1 3p4s 3Po2 2802.9 3567.7 5.380E+04 3.389E-02 6.210E+04 3.555E-02 0.009
3p4p 3D2 3s6 f 3Fo3 2454.8 4073.7 7.204E+05 7.804E-01 5.858E+05 7.284E-01 0.035
3p4p 3D2 3s6 f 3Fo2 2455.17 4073.04 9.003E+04 9.757E-02 7.333E+04 9.112E-02 0.037
3p4p 3D1 3s6 f 3Fo2 2326 4299.1 7.251E+05 5.204E-01 5.819E+05 4.836E-01 0.040
3s4d 3D1 3p3d 3Fo2 2674.6 3738.9 1.047E+05 7.960E-02 1.393E+05 8.754E-02 0.210
3s4d 3D2 3p3d 3Fo2 2675.1 3738.1 1.127E+04 1.458E-02 1.547E+04 1.620E-02 0.218
3s7 f 1Fo3 3s7d
1D2 -270.33 -36991.8248 ∗ 3.823E+06 7.039E+00 -5.553E+03 -7.972E-01 0.090
3s4d 3D2 3p3d 3Fo3 2571.8 3888.3 8.441E+04 1.147E-01 1.109E+05 1.256E-01 0.170
3s4d 3D3 3p3d 3Fo4 2435.4 4106.1 7.581E+04 1.596E-01 9.848E+04 1.741E-01 0.123
3s7 f 1Fo3 3p4p
3P2 2198.18 4549.218 ∗ 1.088E+05 2.603E-01 1.260E+05 2.734E-01 0.091
3s6 f 3Fo2 3s6d
3D1 2148.6 4654.2 1.377E+06 2.411E+00 1.542E+06 2.504E+00 0.007
3s6 f 3Fo2 3s6d
3D2 2126.6 4702.3 2.516E+05 4.451E-01 2.776E+05 4.599E-01 0.008
3s6 f 3Fo3 3s6d
3D2 2127 4701.5 1.436E+06 3.558E+00 1.588E+06 3.679E+00 0.004
3s5d 1D2 3s5 f 1Fo3 a 2138.8 4675.6 5.186E+05 9.244E-01 5.890E+05 9.644E-01 0.162
3s6 f 3Fo3 3s6d
3D3 2096.6 4769.5 1.781E+05 4.497E-01 1.939E+05 4.626E-01 0.002
3s6 f 3Fo4 3s6d
3D3 2097.1 4768.6 1.601E+06 5.201E+00 1.744E+06 5.352E+00 0.005
3s7p 3Po0 3p4p
1P1 2043.42 4893.7565 ∗ 8.249E+03 3.535E-03 1.076E+04 3.863E-03 0.029
3s6s 1S 0 3p4s 1Po1 1664.71 6007.1 3.124E+05 2.046E-01 4.169E+05 2.253E-01 0.028
3s6 f 1Fo3 3s6g
3G4 1394.64 7170.3092 ∗ 1.204E+05 5.670E-01 9.814E+04 5.296E-01 0.056
3s6 f 1Fo3 3s6g
1G4 1394.23 7172.4 3.665E+05 1.729E+00 2.997E+05 1.617E+00 0.035
3p4s 1Po1 3s5d
1D2 1034.66 9665 4.852E+04 1.824E-01 4.116E+04 1.727E-01 0.043
3s7 f 3Fo2 3s7d
3D1 681 14685 8.393E+04 1.581E+00 1.060E+05 1.709E+00 0.072
3s7 f 3Fo2 3s7d
3D2 670.58 14912.5 1.534E+04 2.904E-01 1.859E+04 3.096E-01 0.071
3s7 f 3Fo3 3s7d
3D2 670.8 14907.6 8.734E+04 2.320E+00 1.064E+05 2.478E+00 0.060
3s7 f 3Fo3 3s7d
3D3 653.56 15300.8 1.052E+04 2.849E-01 1.220E+04 2.994E-01 0.062
3s7 f 3Fo4 3s7d
3D3 653.84 15294.3 9.439E+04 3.291E+00 1.096E+05 3.459E+00 0.049
3s7 f 1Fo3 3s7g
1G4 548.28 18238.9 7.365E+04 2.250E+00 6.032E+04 2.105E+00 0.219
Notes. Wavelength and wavenumber values are from the NIST database (Kramida et al. 2018) when available. Wavelengths marked with ∗ are the
Ritz wavelengths calculated from the energy differences and these transitions are not identified in the NIST database.
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Table 2. Presentation of the complete computed radiative transition data of Si iv lines together with the relative uncertainties dT = |Al−Av|max(Al ,Av) .
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
7p 2Po3/2 3s
2S 1/2 322338 31.0234 1.046E+08 6.047E-03 1.049E+08 6.052E-03 0.071
7p 2Po1/2 3s
2S 1/2 322313 31.0257 1.070E+08 3.093E-03 1.073E+08 3.096E-03 0.069
6p 2Po3/2 3s
2S 1/2 305682 32.7137 1.733E+08 1.114E-02 1.738E+08 1.115E-02 0.019
6p 2Po1/2 3s
2S 1/2 305641 32.7181 1.773E+08 5.702E-03 1.778E+08 5.707E-03 0.017
5p 2Po3/2 3s
2S 1/2 276579 36.156 2.801E+08 2.200E-02 2.809E+08 2.202E-02 0.004
5p 2Po1/2 3s
2S 1/2 276504 36.1659 2.872E+08 1.129E-02 2.880E+08 1.130E-02 0.003
7d 2D3/2 3p 2Po1/2 256074 39.0511 7.351E+07 6.733E-03 7.369E+07 6.738E-03 0.092
7d 2D5/2 3p 2Po3/2 255613 39.1216 9.078E+07 1.252E-02 9.099E+07 1.253E-02 0.083
7d 2D5/2 3p 2Po3/2 255613 39.1216 9.078E+07 1.252E-02 9.099E+07 1.253E-02 0.083
7d 2D3/2 3p 2Po3/2 255613 39.1216 1.513E+07 1.390E-03 1.517E+07 1.391E-03 0.082
7d 2D3/2 3p 2Po3/2 255613 39.1216 1.513E+07 1.390E-03 1.517E+07 1.391E-03 0.082
7s 2S 1/2 3p 2Po1/2 247455 40.4113 1.309E+08 6.418E-03 1.312E+08 6.423E-03 0.010
7s 2S 1/2 3p 2Po3/2 246994 40.4868 2.622E+08 1.291E-02 2.628E+08 1.292E-02 0.008
6d 2D3/2 3p 2Po1/2 242627 41.2155 1.090E+08 1.112E-02 1.093E+08 1.113E-02 0.012
6d 2D5/2 3p 2Po3/2 242166 41.2939 1.339E+08 2.057E-02 1.342E+08 2.059E-02 0.011
6d 2D5/2 3p 2Po3/2 242166 41.2939 1.339E+08 2.057E-02 1.342E+08 2.059E-02 0.011
6d 2D3/2 3p 2Po3/2 242166 41.2939 2.231E+07 2.285E-03 2.236E+07 2.287E-03 0.010
6d 2D3/2 3p 2Po3/2 242166 41.2939 2.231E+07 2.285E-03 2.236E+07 2.287E-03 0.010
6s 2S 1/2 3p 2Po1/2 228389 43.7849 2.312E+08 1.331E-02 2.318E+08 1.332E-02 0.002
6s 2S 1/2 3p 2Po3/2 227928 43.8734 4.630E+08 2.677E-02 4.642E+08 2.679E-02 0.001
5d 2D3/2 3p 2Po1/2 220210 45.4112 1.313E+08 1.626E-02 1.316E+08 1.627E-02 0.006
5d 2D3/2 3p 2Po3/2 219749 45.5065 2.701E+07 3.360E-03 2.708E+07 3.363E-03 0.008
5d 2D5/2 3p 2Po3/2 219749 45.5065 1.621E+08 3.025E-02 1.625E+08 3.028E-02 0.006
4p 2Po3/2 3s
2S 1/2 218430 45.7815 3.846E+08 4.844E-02 3.858E+08 4.849E-02 0.001
4p 2Po1/2 3s
2S 1/2 218260 45.8155 3.975E+08 2.507E-02 3.987E+08 2.509E-02 0.003
5s 2S 1/2 3p 2Po1/2 194130 51.5118 4.609E+08 3.673E-02 4.621E+08 3.676E-02 0.001
5s 2S 1/2 3p 2Po3/2 193670 51.6344 9.227E+08 7.389E-02 9.251E+08 7.396E-02 0.003
4d 2D3/2 3p 2Po1/2 178721 55.9533 5.901E+07 1.110E-02 5.917E+07 1.111E-02 0.025
4d 2D3/2 3p 2Po3/2 178260 56.098 1.256E+07 2.374E-03 1.259E+07 2.376E-03 0.027
4d 2D5/2 3p 2Po3/2 178259 56.098 7.542E+07 2.139E-02 7.562E+07 2.141E-02 0.024
7 f 2Fo7/2 3d
2D5/2 167826 59.5857 3.829E+08 1.633E-01 3.838E+08 1.634E-01 0.026
7 f 2Fo7/2 3d
2D5/2 167826 59.5857 3.829E+08 1.633E-01 3.838E+08 1.634E-01 0.026
7 f 2Fo5/2 3d
2D5/2 167826 59.5857 2.552E+07 8.164E-03 2.558E+07 8.170E-03 0.027
7 f 2Fo5/2 3d
2D5/2 167826 59.5857 2.552E+07 8.164E-03 2.558E+07 8.170E-03 0.027
7 f 2Fo5/2 3d
2D3/2 167824 59.5861 3.573E+08 1.143E-01 3.581E+08 1.144E-01 0.027
7p 2Po3/2 3d
2D5/2 161963 61.7423 4.533E+07 1.038E-02 4.543E+07 1.039E-02 0.002
7p 2Po3/2 3d
2D3/2 161962 61.7428 5.037E+06 1.153E-03 5.048E+06 1.154E-03 0.002
7p 2Po1/2 3d
2D3/2 161937 61.7523 5.023E+07 5.751E-03 5.034E+07 5.755E-03 0.001
6 f 2Fo7/2 3d
2D5/2 154856 64.5762 6.814E+08 3.413E-01 6.830E+08 3.416E-01 0.007
6 f 2Fo7/2 3d
2D5/2 154856 64.5762 6.814E+08 3.413E-01 6.830E+08 3.416E-01 0.007
6 f 2Fo5/2 3d
2D5/2 154856 64.5762 4.542E+07 1.707E-02 4.553E+07 1.708E-02 0.008
6 f 2Fo5/2 3d
2D5/2 154856 64.5762 4.542E+07 1.707E-02 4.553E+07 1.708E-02 0.008
6 f 2Fo5/2 3d
2D3/2 154856 64.5767 6.359E+08 2.389E-01 6.375E+08 2.391E-01 0.007
6p 2Po3/2 3d
2D5/2 145307.9 68.8194 7.942E+07 2.259E-02 7.960E+07 2.261E-02 0.011
6p 2Po3/2 3d
2D3/2 145306.7 68.82 8.824E+06 2.510E-03 8.844E+06 2.512E-03 0.012
6p 2Po1/2 3d
2D3/2 145265.5 68.8395 8.794E+07 1.252E-02 8.814E+07 1.253E-02 0.011
5 f 2Fo7/2 3d
2D5/2 133344 74.9937 1.389E+09 9.385E-01 1.393E+09 9.393E-01 0.002
5 f 2Fo7/2 3d
2D5/2 133344 74.9937 1.389E+09 9.385E-01 1.393E+09 9.393E-01 0.002
5 f 2Fo5/2 3d
2D5/2 133344 74.9937 9.258E+07 4.692E-02 9.283E+07 4.696E-02 0.002
5 f 2Fo5/2 3d
2D5/2 133344 74.9937 9.258E+07 4.692E-02 9.283E+07 4.696E-02 0.002
5 f 2Fo5/2 3d
2D3/2 133343.4 74.9943 1.296E+09 6.569E-01 1.300E+09 6.575E-01 0.002
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Table 2. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
7p 2Po3/2 4s
2S 1/2 128358.9 77.9065 2.331E+07 8.495E-03 2.336E+07 8.501E-03 0.124
7p 2Po1/2 4s
2S 1/2 128334 77.9216 2.405E+07 4.384E-03 2.410E+07 4.387E-03 0.120
4s 2S 1/2 3p 2Po1/2 122692 81.5053 1.181E+09 2.357E-01 1.185E+09 2.359E-01 0.002
4s 2S 1/2 3p 2Po3/2 122230 81.8128 2.366E+09 4.758E-01 2.373E+09 4.763E-01 0.003
5p 2Po3/2 3d
2D5/2 116204.6 86.0551 1.620E+08 7.205E-02 1.624E+08 7.211E-02 0.008
5p 2Po3/2 3d
2D3/2 116203.4 86.056 1.800E+07 8.006E-03 1.804E+07 8.013E-03 0.009
5p 2Po1/2 3d
2D3/2 116128.1 86.1118 1.794E+08 3.994E-02 1.798E+08 3.997E-02 0.008
6p 2Po3/2 4s
2S 1/2 111703.4 89.5228 3.508E+07 1.688E-02 3.515E+07 1.689E-02 0.037
6p 2Po1/2 4s
2S 1/2 111662.2 89.5558 3.627E+07 8.735E-03 3.634E+07 8.741E-03 0.035
7d 2D3/2 4p 2Po1/2 109095.1 91.6631 4.917E+06 2.481E-03 4.926E+06 2.482E-03 0.262
7d 2D5/2 4p 2Po3/2 108933.3 91.7993 6.343E+06 4.814E-03 6.354E+06 4.817E-03 0.247
7d 2D5/2 4p 2Po3/2 108933.3 91.7993 6.343E+06 4.814E-03 6.354E+06 4.817E-03 0.247
7d 2D3/2 4p 2Po3/2 108933.3 91.7993 1.057E+06 5.348E-04 1.059E+06 5.351E-04 0.245
7d 2D3/2 4p 2Po3/2 108933.3 91.7993 1.057E+06 5.348E-04 1.059E+06 5.351E-04 0.245
7s 2S 1/2 4p 2Po1/2 100475.9 99.5263 7.339E+07 2.182E-02 7.353E+07 2.183E-02 0.009
7s 2S 1/2 4p 2Po3/2 100314.1 99.6869 1.468E+08 4.381E-02 1.471E+08 4.384E-02 0.007
6d 2D3/2 4p 2Po1/2 95648.1 104.55 3.997E+06 2.623E-03 4.004E+06 2.625E-03 0.075
6d 2D5/2 4p 2Po3/2 95486.2 104.7271 5.244E+06 5.180E-03 5.253E+06 5.183E-03 0.069
6d 2D5/2 4p 2Po3/2 95486.2 104.7271 5.244E+06 5.180E-03 5.253E+06 5.183E-03 0.069
6d 2D3/2 4p 2Po3/2 95486.2 104.7271 8.737E+05 5.753E-04 8.752E+05 5.756E-04 0.067
6d 2D3/2 4p 2Po3/2 95486.2 104.7271 8.737E+05 5.753E-04 8.752E+05 5.756E-04 0.067
4 f 2Fo7/2 3d
2D5/2 93754.6 106.6614 3.790E+09 5.184E+00 3.804E+09 5.190E+00 0.000
4 f 2Fo5/2 3d
2D5/2 93753 106.6636 2.527E+08 2.592E-01 2.536E+08 2.595E-01 0.000
4 f 2Fo5/2 3d
2D3/2 93751.5 106.665 3.537E+09 3.629E+00 3.550E+09 3.633E+00 0.000
3d 2D3/2 3p 2Po1/2 89088 112.2485 2.129E+09 1.612E+00 2.135E+09 1.614E+00 0.004
3d 2D3/2 3p 2Po3/2 88627 112.8325 4.204E+08 3.216E-01 4.216E+08 3.219E-01 0.005
3d 2D5/2 3p 2Po3/2 88626 112.834 2.522E+09 2.894E+00 2.529E+09 2.897E+00 0.004
5p 2Po3/2 4s
2S 1/2 82600.1 121.0652 3.560E+07 3.133E-02 3.568E+07 3.135E-02 0.016
5p 2Po1/2 4s
2S 1/2 82524.8 121.1757 3.729E+07 1.644E-02 3.737E+07 1.645E-02 0.013
6s 2S 1/2 4p 2Po1/2 81410.1 122.8349 1.351E+08 6.119E-02 1.354E+08 6.123E-02 0.002
6s 2S 1/2 4p 2Po3/2 81248.3 123.0795 2.702E+08 1.229E-01 2.707E+08 1.230E-01 0.001
7 f 2Fo7/2 4d
2D5/2 78192 127.8903 2.069E+08 4.065E-01 2.073E+08 4.068E-01 0.023
7 f 2Fo7/2 4d
2D5/2 78192 127.8903 2.069E+08 4.065E-01 2.073E+08 4.068E-01 0.023
7 f 2Fo5/2 4d
2D5/2 78192 127.8903 1.379E+07 2.032E-02 1.382E+07 2.033E-02 0.023
7 f 2Fo5/2 4d
2D5/2 78192 127.8903 1.379E+07 2.032E-02 1.382E+07 2.033E-02 0.023
7 f 2Fo5/2 4d
2D3/2 78191.9 127.8905 1.931E+08 2.845E-01 1.935E+08 2.847E-01 0.023
7g 2G7/2 4 f 2Fo5/2 74122.56 134.9117
∗ 1.606E+08 3.507E-01 1.607E+08 3.507E-01 0.002
7g 2G9/2 4 f 2Fo7/2 74120.61 134.9152
∗ 1.665E+08 4.545E-01 1.666E+08 4.546E-01 0.002
7g 2G7/2 4 f 2Fo7/2 74120.61 134.9152
∗ 5.947E+06 1.299E-02 5.950E+06 1.299E-02 0.002
7d 2D5/2 4 f 2Fo5/2 73234.9 136.5469 2.695E+05 4.520E-04 2.695E+05 4.520E-04 0.093
7d 2D5/2 4 f 2Fo5/2 73234.9 136.5469 2.695E+05 4.520E-04 2.695E+05 4.520E-04 0.093
7d 2D3/2 4 f 2Fo5/2 73234.9 136.5469 5.660E+06 6.328E-03 5.660E+06 6.328E-03 0.093
7d 2D3/2 4 f 2Fo5/2 73234.9 136.5469 5.660E+06 6.328E-03 5.660E+06 6.328E-03 0.093
7d 2D5/2 4 f 2Fo7/2 73232.9 136.5506 5.391E+06 9.043E-03 5.391E+06 9.043E-03 0.093
5d 2D3/2 4p 2Po1/2 73230.6 136.5549 5.628E+05 6.302E-04 5.639E+05 6.306E-04 0.037
5d 2D3/2 4p 2Po3/2 73068.8 136.8573 7.918E+04 8.904E-05 7.933E+04 8.910E-05 0.029
5d 2D5/2 4p 2Po3/2 73068.9 136.8571 4.742E+05 8.000E-04 4.751E+05 8.005E-04 0.042
7p 2Po3/2 4d
2D5/2 72329.8 138.2556 4.286E+07 4.918E-02 4.294E+07 4.921E-02 0.006
7p 2Po3/2 4d
2D3/2 72329.7 138.2558 4.762E+06 5.465E-03 4.771E+06 5.468E-03 0.006
7p 2Po1/2 4d
2D3/2 72304.8 138.3034 4.745E+07 2.725E-02 4.754E+07 2.727E-02 0.007
3p 2Po3/2 3s
2S 1/2 71748 139.3755 8.781E+08 1.025E+00 8.811E+08 1.026E+00 0.001
3p 2Po1/2 3s
2S 1/2 71288 140.277 8.607E+08 5.089E-01 8.635E+08 5.095E-01 0.002
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Table 2. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
6 f 2Fo7/2 4d
2D5/2 65222.3 153.3219 3.532E+08 9.974E-01 3.540E+08 9.982E-01 0.004
6 f 2Fo7/2 4d
2D5/2 65222.3 153.3219 3.532E+08 9.974E-01 3.540E+08 9.982E-01 0.004
6 f 2Fo5/2 4d
2D5/2 65222.3 153.3219 2.355E+07 4.987E-02 2.360E+07 4.991E-02 0.004
6 f 2Fo5/2 4d
2D5/2 65222.3 153.3219 2.355E+07 4.987E-02 2.360E+07 4.991E-02 0.004
6 f 2Fo5/2 4d
2D3/2 65222.1 153.3222 3.297E+08 6.982E-01 3.305E+08 6.987E-01 0.004
6g 2G7/2 4 f 2Fo5/2 61178.2 163.4569
∗ 3.418E+08 1.096E+00 3.420E+08 1.096E+00 0.001
6g 2G9/2 4 f 2Fo7/2 61176.25 163.4621
∗ 3.544E+08 1.420E+00 3.546E+08 1.420E+00 0.001
6g 2G7/2 4 f 2Fo7/2 61176.25 163.4621
∗ 1.266E+07 4.057E-02 1.267E+07 4.058E-02 0.000
6d 2D5/2 4 f 2Fo5/2 59787.8 167.2581 5.449E+05 1.371E-03 5.448E+05 1.371E-03 0.036
6d 2D5/2 4 f 2Fo5/2 59787.8 167.2581 5.449E+05 1.371E-03 5.448E+05 1.371E-03 0.036
6d 2D3/2 4 f 2Fo5/2 59787.8 167.2581 1.144E+07 1.919E-02 1.144E+07 1.919E-02 0.036
6d 2D3/2 4 f 2Fo5/2 59787.8 167.2581 1.144E+07 1.919E-02 1.144E+07 1.919E-02 0.036
6d 2D5/2 4 f 2Fo7/2 59785.9 167.2635 1.090E+07 2.743E-02 1.090E+07 2.743E-02 0.036
4p 2Po3/2 3d
2D5/2 58054 172.2526 4.889E+08 8.715E-01 4.903E+08 8.723E-01 0.004
4p 2Po3/2 3d
2D3/2 58053.1 172.2562 5.432E+07 9.684E-02 5.447E+07 9.693E-02 0.004
4p 2Po1/2 3d
2D3/2 57891 172.7376 5.423E+08 4.861E-01 5.438E+08 4.865E-01 0.004
7p 2Po3/2 5s
2S 1/2 56919.9 175.6855 7.069E+06 1.310E-02 7.081E+06 1.311E-02 0.147
7p 2Po1/2 5s
2S 1/2 56895 175.7624 7.374E+06 6.838E-03 7.386E+06 6.842E-03 0.143
6p 2Po3/2 4d
2D5/2 55674.3 179.6162 7.974E+07 1.545E-01 7.990E+07 1.546E-01 0.002
6p 2Po3/2 4d
2D3/2 55674.1 179.6166 8.859E+06 1.716E-02 8.876E+06 1.717E-02 0.002
6p 2Po1/2 4d
2D3/2 55633 179.7496 8.826E+07 8.561E-02 8.843E+07 8.567E-02 0.002
5s 2S 1/2 4p 2Po1/2 47150.9 212.0842 3.053E+08 4.123E-01 3.060E+08 4.126E-01 0.001
5s 2S 1/2 4p 2Po3/2 46989.3 212.8145 6.113E+08 8.313E-01 6.126E+08 8.319E-01 0.002
5 f 2Fo7/2 4d
2D5/2 43711.2 228.7755 6.350E+08 3.995E+00 6.371E+08 3.999E+00 0.000
5 f 2Fo7/2 4d
2D5/2 43711.2 228.7755 6.350E+08 3.995E+00 6.371E+08 3.999E+00 0.000
5 f 2Fo5/2 4d
2D5/2 43711.2 228.7755 4.234E+07 1.997E-01 4.248E+07 1.999E-01 0.000
5 f 2Fo5/2 4d
2D5/2 43711.2 228.7755 4.234E+07 1.997E-01 4.248E+07 1.999E-01 0.000
5 f 2Fo5/2 4d
2D3/2 43711.2 228.7762 5.927E+08 2.797E+00 5.947E+08 2.800E+00 0.000
7s 2S 1/2 5p 2Po1/2 42238.9 236.7474 5.055E+07 8.503E-02 5.063E+07 8.507E-02 0.002
7s 2S 1/2 5p 2Po3/2 42163.6 237.1705 1.011E+08 1.707E-01 1.012E+08 1.708E-01 0.001
6p 2Po3/2 5s
2S 1/2 40264.6 248.3588 6.323E+06 2.342E-02 6.335E+06 2.343E-02 0.047
6p 2Po1/2 5s
2S 1/2 40223.2 248.613 6.707E+06 1.244E-02 6.719E+06 1.245E-02 0.044
5g 2G7/2 4 f 2Fo5/2 39710.84 251.8204
∗ 1.054E+09 8.021E+00 1.055E+09 8.023E+00 0.001
5g 2G9/2 4 f 2Fo7/2 39708.89 251.8328
∗ 1.093E+09 1.040E+01 1.094E+09 1.040E+01 0.001
5g 2G7/2 4 f 2Fo7/2 39708.89 251.8328
∗ 3.904E+07 2.971E-01 3.907E+07 2.972E-01 0.001
6d 2D3/2 5p 2Po1/2 37411.4 267.2993 2.532E+06 1.086E-02 2.536E+06 1.087E-02 0.064
5d 2D3/2 4 f 2Fo5/2 37370.4 267.5913 2.732E+07 1.172E-01 2.729E+07 1.172E-01 0.012
5d 2D5/2 4 f 2Fo5/2 37370.52 267.5906 1.301E+06 8.375E-03 1.299E+06 8.372E-03 0.012
5d 2D5/2 4 f 2Fo7/2 37368.6 267.6046 2.603E+07 1.675E-01 2.600E+07 1.674E-01 0.012
6d 2D5/2 5p 2Po3/2 37336.2 267.8388 2.784E+06 1.798E-02 2.788E+06 1.799E-02 0.066
6d 2D3/2 5p 2Po3/2 37336.2 267.8388 4.641E+05 1.998E-03 4.647E+05 1.999E-03 0.063
7 f 2Fo7/2 5d
2D5/2 36702.4 272.4614 1.068E+08 9.526E-01 1.070E+08 9.533E-01 0.018
7 f 2Fo7/2 5d
2D5/2 36702.4 272.4614 1.068E+08 9.526E-01 1.070E+08 9.533E-01 0.018
7 f 2Fo5/2 5d
2D5/2 36702.4 272.4614 7.123E+06 4.763E-02 7.139E+06 4.767E-02 0.018
7 f 2Fo5/2 5d
2D5/2 36702.4 272.4614 7.123E+06 4.763E-02 7.139E+06 4.767E-02 0.018
7 f 2Fo5/2 5d
2D3/2 36702.54 272.4607 9.972E+07 6.668E-01 9.994E+07 6.673E-01 0.018
7g 2G7/2 5 f 2Fo5/2 34530.65 289.5978
∗ 1.361E+08 1.369E+00 1.361E+08 1.369E+00 0.001
7g 2G9/2 5 f 2Fo7/2 34530.65 289.5978
∗ 1.411E+08 1.774E+00 1.411E+08 1.774E+00 0.001
7g 2G7/2 5 f 2Fo7/2 34530.65 289.5978
∗ 5.039E+06 5.070E-02 5.041E+06 5.071E-02 0.001
7h 2Ho9/2 5g
2G7/2 34419.2 290.5355 ∗ 1.274E+08 1.613E+00 1.275E+08 1.613E+00 0.000
7h 2Ho11/2 5g
2G9/2 34419.2 290.5355 ∗ 1.303E+08 1.979E+00 1.304E+08 1.979E+00 0.001
7h 2Ho9/2 5g
2G9/2 34419.2 290.5355 ∗ 2.895E+06 3.665E-02 2.897E+06 3.666E-02 0.000
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Table 2. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
7 f 2Fo7/2 5g
2G7/2 34362.12 291.0181 ∗ 3.452E+04 3.507E-04 3.453E+04 3.507E-04 0.022
7 f 2Fo5/2 5g
2G7/2 34362.12 291.0181 ∗ 1.243E+06 9.473E-03 1.243E+06 9.474E-03 0.022
7 f 2Fo7/2 5g
2G9/2 34362.12 291.0181 ∗ 1.208E+06 1.228E-02 1.208E+06 1.228E-02 0.022
7d 2D5/2 5 f 2Fo5/2 33643 297.2388 4.387E+05 3.485E-03 4.385E+05 3.484E-03 0.046
7d 2D5/2 5 f 2Fo5/2 33643 297.2388 4.387E+05 3.485E-03 4.385E+05 3.484E-03 0.046
7d 2D5/2 5 f 2Fo5/2 33643 297.2388 4.387E+05 3.485E-03 4.385E+05 3.484E-03 0.046
7d 2D3/2 5 f 2Fo5/2 33643 297.2388 9.213E+06 4.879E-02 9.208E+06 4.878E-02 0.046
7d 2D3/2 5 f 2Fo5/2 33643 297.2388 9.213E+06 4.879E-02 9.208E+06 4.878E-02 0.046
7d 2D3/2 5 f 2Fo5/2 33643 297.2388 9.213E+06 4.879E-02 9.208E+06 4.878E-02 0.046
7d 2D5/2 5 f 2Fo7/2 33643 297.2388 8.776E+06 6.972E-02 8.772E+06 6.971E-02 0.046
7d 2D5/2 5 f 2Fo7/2 33643 297.2388 8.776E+06 6.972E-02 8.772E+06 6.971E-02 0.046
7d 2D5/2 5 f 2Fo7/2 33643 297.2388 8.776E+06 6.972E-02 8.772E+06 6.971E-02 0.046
4d 2D3/2 4p 2Po1/2 31741.3 315.0472 4.022E+08 2.397E+00 4.030E+08 2.399E+00 0.001
4d 2D3/2 4p 2Po3/2 31579.47 316.6614 7.947E+07 4.785E-01 7.962E+07 4.788E-01 0.001
4d 2D5/2 4p 2Po3/2 31579.4 316.6626 4.768E+08 4.306E+00 4.778E+08 4.309E+00 0.001
7p 2Po3/2 5d
2D5/2 30840.23 324.2518 3.742E+07 2.362E-01 3.749E+07 2.363E-01 0.012
7p 2Po3/2 5d
2D3/2 30840.33 324.2507 4.158E+06 2.624E-02 4.166E+06 2.626E-02 0.011
7p 2Po1/2 5d
2D3/2 30815.4 324.5128 4.141E+07 1.309E-01 4.148E+07 1.310E-01 0.012
5p 2Po3/2 4d
2D5/2 26571.01 376.35 2.084E+08 1.773E+00 2.089E+08 1.774E+00 0.001
5p 2Po3/2 4d
2D3/2 26570.9 376.3517 2.316E+07 1.970E-01 2.321E+07 1.971E-01 0.002
5p 2Po1/2 4d
2D3/2 26495.5 377.4222 2.312E+08 9.888E-01 2.317E+08 9.895E-01 0.001
4p 2Po3/2 4s
2S 1/2 24449.9 409.0016 1.554E+08 1.562E+00 1.558E+08 1.563E+00 0.001
4p 2Po1/2 4s
2S 1/2 24288 411.7265 1.524E+08 7.759E-01 1.527E+08 7.765E-01 0.000
6 f 2Fo7/2 5d
2D5/2 23732.7 421.3601 1.617E+08 3.450E+00 1.622E+08 3.454E+00 0.002
6 f 2Fo7/2 5d
2D5/2 23732.7 421.3601 1.617E+08 3.450E+00 1.622E+08 3.454E+00 0.002
6 f 2Fo5/2 5d
2D5/2 23732.7 421.3601 1.078E+07 1.725E-01 1.082E+07 1.727E-01 0.002
6 f 2Fo5/2 5d
2D5/2 23732.7 421.3601 1.078E+07 1.725E-01 1.082E+07 1.727E-01 0.002
6 f 2Fo5/2 5d
2D3/2 23732.77 421.3583 1.509E+08 2.416E+00 1.514E+08 2.419E+00 0.002
6s 2S 1/2 5p 2Po1/2 23173.3 431.5315 1.054E+08 5.893E-01 1.056E+08 5.896E-01 0.002
6s 2S 1/2 5p 2Po3/2 23097.9 432.9394 2.111E+08 1.188E+00 2.114E+08 1.189E+00 0.003
7p 2Po3/2 6s
2S 1/2 22660.9 441.2891 1.466E+06 1.714E-02 1.469E+06 1.715E-02 0.181
7p 2Po1/2 6s
2S 1/2 22635.98 441.7746 1.579E+06 9.253E-03 1.582E+06 9.258E-03 0.173
7d 2D3/2 6p 2Po1/2 21720.87 460.3867 2.287E+06 2.908E-02 2.289E+06 2.909E-02 0.205
7d 2D5/2 6p 2Po3/2 21679.9 461.261 2.591E+06 4.960E-02 2.593E+06 4.961E-02 0.208
7d 2D5/2 6p 2Po3/2 21679.9 461.261 2.591E+06 4.960E-02 2.593E+06 4.961E-02 0.208
7d 2D3/2 6p 2Po3/2 21679.9 461.261 4.317E+05 5.511E-03 4.321E+05 5.513E-03 0.207
7d 2D3/2 6p 2Po3/2 21679.9 461.261 4.317E+05 5.511E-03 4.321E+05 5.513E-03 0.207
6g 2G7/2 5 f 2Fo5/2 21586.29 463.257
∗ 2.731E+08 7.030E+00 2.732E+08 7.031E+00 0.001
6g 2G9/2 5 f 2Fo7/2 21586.29 463.257
∗ 2.832E+08 9.114E+00 2.833E+08 9.115E+00 0.001
6g 2G7/2 5 f 2Fo7/2 21586.29 463.257
∗ 1.011E+07 2.604E-01 1.011E+07 2.604E-01 0.001
6h 2Ho9/2 5g
2G7/2 21479.44 465.5615 ∗ 4.120E+08 1.340E+01 4.124E+08 1.340E+01 0.000
6h 2Ho11/2 5g
2G9/2 21479.44 465.5615 ∗ 4.214E+08 1.644E+01 4.218E+08 1.644E+01 0.001
6h 2Ho9/2 5g
2G9/2 21479.44 465.5615 ∗ 9.364E+06 3.045E-01 9.374E+06 3.046E-01 0.000
6 f 2Fo7/2 5g
2G7/2 21392.35 467.4568 ∗ 8.550E+04 2.241E-03 8.553E+04 2.241E-03 0.006
6 f 2Fo5/2 5g
2G7/2 21392.35 467.4568 ∗ 3.079E+06 6.053E-02 3.080E+06 6.054E-02 0.006
6 f 2Fo7/2 5g
2G9/2 21392.35 467.4568 ∗ 2.993E+06 7.846E-02 2.994E+06 7.847E-02 0.006
6d 2D5/2 5 f 2Fo5/2 20195.9 495.1493 9.443E+05 2.080E-02 9.427E+05 2.079E-02 0.012
6d 2D5/2 5 f 2Fo5/2 20195.9 495.1493 9.443E+05 2.080E-02 9.427E+05 2.079E-02 0.012
6d 2D5/2 5 f 2Fo5/2 20195.9 495.1493 9.443E+05 2.080E-02 9.427E+05 2.079E-02 0.012
6d 2D3/2 5 f 2Fo5/2 20195.9 495.1493 1.983E+07 2.912E-01 1.980E+07 2.910E-01 0.012
6d 2D3/2 5 f 2Fo5/2 20195.9 495.1493 1.983E+07 2.912E-01 1.980E+07 2.910E-01 0.012
6d 2D3/2 5 f 2Fo5/2 20195.9 495.1493 1.983E+07 2.912E-01 1.980E+07 2.910E-01 0.012
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Table 2. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
6d 2D5/2 5 f 2Fo7/2 20195.9 495.1493 1.889E+07 4.162E-01 1.886E+07 4.160E-01 0.012
6d 2D5/2 5 f 2Fo7/2 20195.9 495.1493 1.889E+07 4.162E-01 1.886E+07 4.160E-01 0.012
6d 2D5/2 5 f 2Fo7/2 20195.9 495.1493 1.889E+07 4.162E-01 1.886E+07 4.160E-01 0.012
5d 2D3/2 5p 2Po1/2 14993.85 666.941 1.147E+08 3.062E+00 1.149E+08 3.063E+00 0.002
5d 2D3/2 5p 2Po3/2 14918.47 670.31 2.267E+07 6.113E-01 2.269E+07 6.115E-01 0.002
5d 2D5/2 5p 2Po3/2 14918.56 670.306 1.360E+08 5.501E+00 1.362E+08 5.503E+00 0.002
7 f 2Fo7/2 6d
2D5/2 14285.12 700.029 5.360E+07 3.157E+00 5.378E+07 3.161E+00 0.012
7 f 2Fo7/2 6d
2D5/2 14285.12 700.029 5.360E+07 3.157E+00 5.378E+07 3.161E+00 0.012
7 f 2Fo7/2 6d
2D5/2 14285.12 700.029 5.360E+07 3.157E+00 5.378E+07 3.161E+00 0.012
7 f 2Fo5/2 6d
2D3/2 14285.12 700.029 5.003E+07 2.210E+00 5.020E+07 2.212E+00 0.012
7 f 2Fo5/2 6d
2D3/2 14285.12 700.029 5.003E+07 2.210E+00 5.020E+07 2.212E+00 0.012
7 f 2Fo5/2 6d
2D3/2 14285.12 700.029 5.003E+07 2.210E+00 5.020E+07 2.212E+00 0.012
7 f 2Fo5/2 6d
2D5/2 14285.12 700.029 3.574E+06 1.579E-01 3.586E+06 1.581E-01 0.012
7 f 2Fo5/2 6d
2D5/2 14285.12 700.029 3.574E+06 1.579E-01 3.586E+06 1.581E-01 0.012
7 f 2Fo5/2 6d
2D5/2 14285.12 700.029 3.574E+06 1.579E-01 3.586E+06 1.581E-01 0.012
6p 2Po3/2 5d
2D5/2 14184.63 704.986 8.977E+07 2.680E+00 8.999E+07 2.682E+00 0.002
6p 2Po3/2 5d
2D3/2 14184.77 704.981 9.974E+06 2.977E-01 9.999E+06 2.979E-01 0.002
6p 2Po1/2 5d
2D3/2 14143.55 707.034 9.954E+07 1.494E+00 9.976E+07 1.495E+00 0.002
7s 2S 1/2 6p 2Po1/2 13101.69 763.26 4.368E+07 7.635E-01 4.373E+07 7.638E-01 0.006
7s 2S 1/2 6p 2Po3/2 13060.51 765.666 8.746E+07 1.538E+00 8.753E+07 1.538E+00 0.006
7g 2G7/2 6 f 2Fo5/2 13019.37 768.0863
∗ 9.249E+07 6.544E+00 9.250E+07 6.544E+00 0.001
7g 2G9/2 6 f 2Fo7/2 13019.37 768.0863
∗ 9.591E+07 8.483E+00 9.592E+07 8.483E+00 0.001
7g 2G7/2 6 f 2Fo7/2 13019.37 768.0863
∗ 3.426E+06 2.424E-01 3.426E+06 2.424E-01 0.001
7h 2Ho9/2 6g
2G7/2 12951.84 772.0911 ∗ 1.333E+08 1.192E+01 1.334E+08 1.192E+01 0.000
7h 2Ho11/2 6g
2G9/2 12951.84 772.0911 ∗ 1.363E+08 1.463E+01 1.365E+08 1.464E+01 0.000
7h 2Ho9/2 6g
2G9/2 12951.84 772.0911 ∗ 3.029E+06 2.709E-01 3.032E+06 2.710E-01 0.000
7i 2I11/2 6h 2Ho9/2 12943.4 772.5945
∗ 1.869E+08 2.007E+01 1.870E+08 2.007E+01 0.000
7i 2I13/2 6h 2Ho11/2 12943.4 772.5945
∗ 1.898E+08 2.378E+01 1.899E+08 2.378E+01 0.000
7i 2I11/2 6h 2Ho11/2 12943.4 772.5945
∗ 2.875E+06 3.088E-01 2.877E+06 3.089E-01 0.000
7g 2G9/2 6h 2Ho9/2 12932.28 773.2589
∗ 1.567E+04 1.404E-03 1.566E+04 1.404E-03 0.004
7g 2G7/2 6h 2Ho9/2 12932.28 773.2589
∗ 8.620E+05 6.178E-02 8.613E+05 6.176E-02 0.004
7g 2G9/2 6h 2Ho11/2 12932.28 773.2589
∗ 8.462E+05 7.581E-02 8.455E+05 7.579E-02 0.004
7 f 2Fo7/2 6g
2G7/2 12894.76 775.5088 ∗ 8.295E+04 5.986E-03 8.300E+04 5.987E-03 0.007
7 f 2Fo5/2 6g
2G7/2 12894.76 775.5088 ∗ 2.987E+06 1.617E-01 2.990E+06 1.617E-01 0.007
7 f 2Fo7/2 6g
2G9/2 12894.76 775.5088 ∗ 2.904E+06 2.096E-01 2.907E+06 2.097E-01 0.007
7d 2D5/2 6 f 2Fo5/2 12131.69 824.287 5.760E+05 3.515E-02 5.748E+05 3.513E-02 0.014
7d 2D5/2 6 f 2Fo5/2 12131.69 824.287 5.760E+05 3.515E-02 5.748E+05 3.513E-02 0.014
7d 2D5/2 6 f 2Fo5/2 12131.69 824.287 5.760E+05 3.515E-02 5.748E+05 3.513E-02 0.014
7d 2D3/2 6 f 2Fo5/2 12131.69 824.287 1.210E+07 4.921E-01 1.208E+07 4.918E-01 0.014
7d 2D3/2 6 f 2Fo5/2 12131.69 824.287 1.210E+07 4.921E-01 1.208E+07 4.918E-01 0.014
7d 2D3/2 6 f 2Fo5/2 12131.69 824.287 1.210E+07 4.921E-01 1.208E+07 4.918E-01 0.014
7d 2D5/2 6 f 2Fo7/2 12131.69 824.287 1.152E+07 7.032E-01 1.150E+07 7.027E-01 0.014
7d 2D5/2 6 f 2Fo7/2 12131.69 824.287 1.152E+07 7.032E-01 1.150E+07 7.027E-01 0.014
7d 2D5/2 6 f 2Fo7/2 12131.69 824.287 1.152E+07 7.032E-01 1.150E+07 7.027E-01 0.014
5p 2Po3/2 5s
2S 1/2 11161.08 895.971 4.247E+07 2.047E+00 4.257E+07 2.049E+00 0.003
5p 2Po1/2 5s
2S 1/2 11085.69 902.061 4.165E+07 1.018E+00 4.174E+07 1.019E+00 0.003
7p 2Po3/2 6d
2D3/2 8422.91 1187.238 4.699E+06 3.979E-01 4.712E+06 3.983E-01 0.011
7p 2Po3/2 6d
2D3/2 8422.91 1187.238 4.699E+06 3.979E-01 4.712E+06 3.983E-01 0.011
7p 2Po3/2 6d
2D5/2 8422.91 1187.238 4.229E+07 3.581E+00 4.241E+07 3.584E+00 0.011
7p 2Po3/2 6d
2D5/2 8422.91 1187.238 4.229E+07 3.581E+00 4.241E+07 3.584E+00 0.011
7p 2Po1/2 6d
2D3/2 8398.01 1190.758 4.688E+07 1.997E+00 4.701E+07 1.999E+00 0.011
6d 2D3/2 6p 2Po1/2 8273.82 1208.632 4.205E+07 3.684E+00 4.206E+07 3.684E+00 0.009
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Table 2. continued.
Upper Lower σ (cm−1) λvacuum (nm) A (s−1) g f Aresc (s−1) g fresc dT
6d 2D5/2 6p 2Po3/2 8232.65 1214.676 4.990E+07 6.622E+00 4.991E+07 6.623E+00 0.008
6d 2D5/2 6p 2Po3/2 8232.65 1214.676 4.990E+07 6.622E+00 4.991E+07 6.623E+00 0.008
6d 2D3/2 6p 2Po3/2 8232.65 1214.676 8.316E+06 7.358E-01 8.318E+06 7.359E-01 0.008
6d 2D3/2 6p 2Po3/2 8232.65 1214.676 8.316E+06 7.358E-01 8.318E+06 7.359E-01 0.008
6p 2Po3/2 6s
2S 1/2 6005.32 1665.19 1.512E+07 2.519E+00 1.516E+07 2.521E+00 0.008
6p 2Po1/2 6s
2S 1/2 5964.15 1676.685 1.483E+07 1.252E+00 1.487E+07 1.253E+00 0.007
7d 2D3/2 7p 2Po1/2 5049 1980.57 1.842E+07 4.330E+00 1.840E+07 4.328E+00 0.038
7d 2D5/2 7p 2Po3/2 5024.1 1990.39 2.186E+07 7.782E+00 2.184E+07 7.779E+00 0.038
7d 2D5/2 7p 2Po3/2 5024.1 1990.39 2.186E+07 7.782E+00 2.184E+07 7.779E+00 0.038
7d 2D3/2 7p 2Po3/2 5024.1 1990.39 3.643E+06 8.647E-01 3.639E+06 8.644E-01 0.038
7d 2D3/2 7p 2Po3/2 5024.1 1990.39 3.643E+06 8.647E-01 3.639E+06 8.644E-01 0.038
4 f 2Fo7/2 4d
2D5/2 4121 2426.6 9.713E+05 6.994E-01 1.000E+06 7.063E-01 0.011
4 f 2Fo5/2 4d
2D5/2 4119.1 2427.7 6.466E+04 3.495E-02 6.659E+04 3.529E-02 0.012
4 f 2Fo5/2 4d
2D3/2 4118.9 2427.8 9.050E+05 4.893E-01 9.325E+05 4.942E-01 0.011
7p 2Po3/2 7s
2S 1/2 3595 2781.6 6.463E+06 3.006E+00 6.490E+06 3.010E+00 0.031
7p 2Po1/2 7s
2S 1/2 3570.14 2801.01 6.339E+06 1.494E+00 6.361E+06 1.496E+00 0.031
5 f 2Fo7/2 5d
2D5/2 2221.4 4501.7 5.375E+05 1.332E+00 5.533E+05 1.345E+00 0.009
5 f 2Fo7/2 5d
2D5/2 2221.4 4501.7 5.375E+05 1.332E+00 5.533E+05 1.345E+00 0.009
5 f 2Fo5/2 5d
2D5/2 2221.4 4501.7 3.579E+04 6.656E-02 3.689E+04 6.724E-02 0.010
5 f 2Fo5/2 5d
2D5/2 2221.4 4501.7 3.579E+04 6.656E-02 3.689E+04 6.724E-02 0.010
5 f 2Fo5/2 5d
2D3/2 2221.5 4501.5 5.010E+05 9.318E-01 5.165E+05 9.413E-01 0.009
6 f 2Fo7/2 6d
2D5/2 1315.35 7602.5 2.685E+05 1.901E+00 2.775E+05 1.922E+00 0.003
6 f 2Fo7/2 6d
2D5/2 1315.35 7602.5 2.685E+05 1.901E+00 2.775E+05 1.922E+00 0.003
6 f 2Fo7/2 6d
2D5/2 1315.35 7602.5 2.685E+05 1.901E+00 2.775E+05 1.922E+00 0.003
6 f 2Fo5/2 6d
2D3/2 1315.35 7602.5 2.503E+05 1.330E+00 2.587E+05 1.345E+00 0.003
6 f 2Fo5/2 6d
2D3/2 1315.35 7602.5 2.503E+05 1.330E+00 2.587E+05 1.345E+00 0.003
6 f 2Fo5/2 6d
2D3/2 1315.35 7602.5 2.503E+05 1.330E+00 2.587E+05 1.345E+00 0.003
6 f 2Fo5/2 6d
2D5/2 1315.35 7602.5 1.788E+04 9.502E-02 1.848E+04 9.607E-02 0.003
6 f 2Fo5/2 6d
2D5/2 1315.35 7602.5 1.788E+04 9.502E-02 1.848E+04 9.607E-02 0.003
6 f 2Fo5/2 6d
2D5/2 1315.35 7602.5 1.788E+04 9.502E-02 1.848E+04 9.607E-02 0.003
7 f 2Fo7/2 7d
2D5/2 838.07 11932.2 1.395E+05 2.440E+00 1.452E+05 2.473E+00 0.026
7 f 2Fo7/2 7d
2D5/2 838.07 11932.2 1.395E+05 2.440E+00 1.452E+05 2.473E+00 0.026
7 f 2Fo7/2 7d
2D5/2 838.07 11932.2 1.395E+05 2.440E+00 1.452E+05 2.473E+00 0.026
7 f 2Fo5/2 7d
2D3/2 838.07 11932.2 1.300E+05 1.708E+00 1.353E+05 1.731E+00 0.026
7 f 2Fo5/2 7d
2D3/2 838.07 11932.2 1.300E+05 1.708E+00 1.353E+05 1.731E+00 0.026
7 f 2Fo5/2 7d
2D3/2 838.07 11932.2 1.300E+05 1.708E+00 1.353E+05 1.731E+00 0.026
Notes. Wavelength and wavenumber values are from the NIST database (Kramida et al. 2018) when available. Wavelengths marked with ∗ are the
Ritz wavelengths calculated from the energy differences and these transitions are not identified in the NIST database.
